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ABSTRACT 
This  report  describes  a  series of measurements in the  lower  ionosphere 
using  Nike  Apache  rockets.  The  payloads of these  rockets  contained  instru- 
ments  to  measure  electron  density,  electron  temperature,  positive  ion 
current, and  solar  ultraviolet  radiation.  The  initial  development of the 
D and E regions of the  ionosphere  at  sunrise  and  sunset  has  been  investigated. 
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DEVELOPMENTAL AND EXPERIMENTAL  ,SUPPORT FOR 
PARTICIPATION  DURING THE INTERNATIONAL  QUIET SUN YEAR 
By  Leslie G. Smith,  Lawrence  Weeks  and  Philip J. McKinnon 
GCA  Corporation,  GCA  Technology  Division 
INTRODUCTION 
The  experfmental  techniques  available  for  investigating  the  lower  iono- 
sphere  have  recently  become  sufficiently  developed  to  justify  systematic  inves- 
tigations  such  as  have  been  underway  for  some  time  for  the  upper  ionosphere. 
Whereas  the  pertinent  measurements  at  the  higher  altitudes  are  conveniently 
accomplished  from  satellites,  measurements at lower  altitudes  require  the  use 
of  sounding  rockets.  The  lack  of  systematic  in-situ  observations  up  to  this 
time  makes  a  scientific  program of rocket  measurements  in  the  lower  ionosphere 
(D and E regions)  especially  timely. 
During  the IGY  important  geophysical  and  solar  data  related to an  active 
sun  were  obtained  for  the  first  time.  Some  of the most  noteworthy  effects 
were  associated  with  the  lower  ionosphere. At the minimum  of  the  solar  acti- 
vity  cycle  in  1964  and  1965,  there  existed  the  valuable  opportunity  to  obtain 
data  characteristic  of a quiet  sun, in particylar,  certain  features  of  the 
lower  ionosphere.  Accordingly,  Working  Group I1 of  COSPAR  recommended  a  pro- 
gram  entitled  "International  Quiet  Sun  Year"  (IQSY)  involving  the  systematic 
collection  of  geophysical  and  solar  data on a  synoptic  basis.  Based  on  speci- 
fic  recommendations  of  that  committee,  a  program  of  sounding  rocket  measure- 
ments  was  planned  and  undertaken  jointly  by  GCA  Corporation  and  the  University 
of  Illinois. 
This  Final  Report  describes  the  results  obtained  from  the  seven  Nike 
Apache  rockets  launched  for  this  program  between  16  April  1964  and  19  November 
1964.  Part I discusskd  the  experiments  and givesthe data  and  conclusions 
concerning  the  lower  ionosphere.  Part  11,  which  is  separately  bound,  contains 
descriptions  of  the  measurements,  methods  of  analysis,  and  interpretation  of 
the  Lyman-a  ion  chamber  data  and  gives  molecular  oxygen  density  profiles  de- 
rived  from  these  measurements. 
0 rV't/ 
&IT purpose 04  this  project  was  the  evaluation  of  techniques  for  measure- 
ment  of  electron  density in the  lower  ionosphere.  Several  reliable  techniques 
are  available  for  use in the E region. In the D region,  the  greater  neutral 
gas  density  and  small  electron  density  make  the  measurements  more  difficult. 
At present,  no  completely  satisfactory  technique  available  can  give  a  complete 
profile  of  the D region.  Three  independent  techniques  for  measuring  electron 
density  in  both  the D and E regions,  the  dc  probe,  differential  absorption, 
and  Faraday  rotation  were  used  in  the  program. In addition, on two  payloads 
an RF (capacity)  probe was  added  for  comparison  with  the  other  instruments. 
This  instrument  was  supplied  by J. Sayers  of  the  University  of  Birmingham 
(England).  One of  these  two  payloads  also  carried  a  negatively-biased  spheri- 
cal  probe,  and  the  other  a  spherical  ion  trap.  The  ion  trap  was  supplied 
1 
by A. Nagy  of  the  University  of  Michigan.  The  dc  probe, RF probe,  spherical 
probe,  and  ion  trap  are  local  measurements  while  the  differential  absorption 
and  Faraday  rotation  methods  utilize  propagation  from  the  ground.  Collision 
frequency,  electron  temperature,  and  positive  ion  current  as  well  as  electron 
density  are  obtained  with  these  methods. 
The  determination  of  the  molecular  oxygen  density  profile is  another 
important  experiment  incorporated  into  the  program.  The  technique  of  absorp- 
tion  spectroscopy  is  used. The experience on this  program  led  to a  critical 
evaluation  of the  technique  in  respect  of  both  the  instrumentation  and  the 
method  of  analysis  of  the  data. 
In conjunction  with the  activities  and  as  scientific  support  for  the 
program  several  related  efforts  resulted  in  the  preparation  of  papers  for 
publication  in  scientific  journals. A paper  presented  at  the  COSPAR  meeting 
in  Buenos  Aires  in  May  1965  by S. A. Bowhill  of  the  University  of  Illinois 
and L. G.  Smith of the GCA Corporation  deals  with  rocket  observations  of  the 
lowest  ionosphere. It is  included  as  Appendix B of  this  report. 
Continued  work  in  several  other  areas  resulted  in  refinement  and  improve- 
ment  of  techniques  in  many  cases.  The  development o'f a s o l a r  aspect  sensor 
for  sounding  rockets  has  been  described  in GCA  Technical  Report  No. 64-12-N. 
This  Final  Report  describes  only  the GCA Corporation  participation  in 
the  program. The University of Illinois  participation will  be reported 
separately. 
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PAYLOAD  INSTRUMENTATION 
The s c i e n t i f i c  i n s t r u m e n t a t i o n  f o r  t h e  IQSY program included a CTJ 
propagation experiment (provided by S. A. Bowhil l ,  Universi ty  of I l l i n o i s ) ,  
a DC Probe and two narrow-band W detectors  which measure the absorpt ion 
p r o f i l e  of s o l a r  r a d i a t i o n  a t  Lyman-a! (12162)  and a narrow band a t  14502. 
As a modification of the program, two of  the seven payloads were adapted 
to  inc lude  an  RF Probe(provided by J. Sayers ,  Universi ty  of  Birmingham, 
England). One of t hese  two payloads  a lso  included a Negatively-Biased 
Spher ica l  Probe  (a f te r  K. Hirao and S. Miyazaki, Radio Research Laboratories, 
Japan). The o ther  a l so  inc luded  a Spherical  Ion Trap (provided by A. Nagy, 
Un ive r s i ty  of  Michigan). The W experiment and so la r  a spec t  s enso r  were 
o m i t t e d  from these payloads because of the space required by t h e  a d d i t i o n a l  
probes.  
The major items used in  suppor t  o f  the  pr imary  exper iments  a re  three  
auxiliary  measurements  (baroswitch and  magnetic and so la r  a spec t  s enso r s ) ,  
t e lemet ry ,  timers, dua l -door  re lease  mechanism, power supp l i e s ,  and c o n t r o l  
un i t .  Th i s  s ec t ion  d i scusses  the  de t a i l s  o f  t he  in s t rumen ta t ion  des igned  
and developed for the program and d e s c r i b e s  t h e  s i g n i f i c a n t  f e a t u r e s  o f  
the payload integrat ion.  Reference i s  made to  those  a spec t s  o f  t he  RF Probe, 
the Negat ively-Biased Spherical  Probe,  and the Spherical  Io- Trap which per- 
t a i n  t o  p a y l o a d  i n t e g r a t i o n .  
The seven payloads instrumented for  the '  IQSY program include f ive 
Type A payloads,  (Nike  Apaches  14.143,  14.145-14.148) and 9 7 0  Type B payloads 
(Nike  Apaches  14.144 and 14.149). The d e t a i l e d  arrangements  of  the Type A 
and B payloads   a re  shown i n  F i g u r e s  1 t o  4. The antenna  section,  payload 
s h e l l ,  and i n t e r n a l  r a c k  s t r u c t u r e  a r e  s t a n d a r d  NASA hardware for the Nike 
Cajun and Nike Apache veh ic l e s .  The payload shel l  has  been modif ied to  in-  
c lude  cu t -outs  for  dgors ,  and a non-meta l l ic  cy l indr ica l  sec t ion  which  
houses  the  propagation  experiment.  The f o l l o w i n g  i n s t a l l a t i o n s  a r e  made 
in  the  pay load  sec t ion :  
1. Ins t rumenta t ion  on Type A and B Payloads. 
a. 
b. 
d. 
C .  
e. 
f .  
g *  
h. 
i. 
k. 
1. 
m. 
j= 
. . , o s * .  
Nose e l e c t r o d e  and connector.  
Magnet ic  aspect  sensor ,  Schonstedt  Model RA"3. 
Probe sweep c i r c u i t  and electrometer. 
Di f f e ren t i a l  abso rp t ion  r ece ive r ,  Space  Cra f t ,  Inc . ,  Model 
IR-434  and f e r r i t e  l o o p  a n t e n n a .  
Door r e l e a s e  mechanism. 
B ias  ba t t e ry  -14.8 vol t ,  Mal lory .  
Ba t t e ry  27 v o l t ,  Yardney Type HR-05. 
Mechanical Timer ,  Raymond Model 1060. 
E lec t ron ic  Timer.  
Baroswitch, CHI Model 6617-A, modified. 
S u b - c a r r i e r  o s c i l l a t o r ,  D o r s e t t  Model 0-18G. 
Mixer ampl i f i e r ,  Dorse t t  Model MA-18. 
Control  Deck. 
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Figure 1. IQSY pay load   e t a i l  (!i'ype A) .  , 

I 
Figure  2. IQSY payload assembly (Type B). 
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TURNSTILE 
ANTENNA 
n. VHF  transmitter,  231.4 mc/s 1/4 watt, Vector  Model  TRPT-250. 
0. VHF antenna,  four  element  turnstile. 
a. W ion chambers and  electrometer. 
b. Solar  aspect  sensor, GCA Model  XAS-102. 
a. RF probe and  electronics. 
b. Negatively-Biased  Spherical  Probe  (Nike  Apache  14.144 only). 
c. Spherical Ion Trap (Nike  Apache  14.149  only). 
d. Boom  extension  mechanism. 
2. Instrumentation  on  Type A only. 
3. Instrumentation on Type  B only. 
Payload  Control 
The payload  control  and  monitor  circuits  of  the  Type A payload  are 
shown in Figure 5. With the  transfer  switch  in  the  "external"  position  the 
transmitter  and  the  probe  and W experiments can be  switched  separately. 
This  allows the  payload  to  be warmed-up and  tested without  transmitting, 
an  important  feature  at  the  launch  site. The experiments  are  switched 
separately  to  conserve  the  mercury  batteries.  The  door-test  switch  fires 
the  actuator  in  the  door  release  mechanism  and  is  used  only  before  the  pay- 
load is on the  launcher. The calibrate  switch  energizes  relays within the 
instruments. The  voltages  of  the  internal  and  external  power  sources  are 
monitored. The transfer  of  the  payload  to  internal  power  is  indicated  by 
a red  light  on  the  control  panel. 
The  complete  control  unit  consists  of  the  control  panel,  power  supply, 
and  oscilloscope. The  signals  to  the  subcarrier  oscillators  are  brought 
out on separate  lines  and can be  monitored, in sequence,  on  the  oscillo- 
scope. 
The  pullaway  connector  used  in  Nike  Apaches  14.143-7  is  released  by 
an  explosive  bolt  (Holex  2503-11)  fired  electrically  from  the GCA blockhouse 
control  console  at T-30 sec. The firing  circuit is armed  at T-35 sec. 
This  connector was replaced  by  the  flyaway  type on Nike  Apaches 14.148  and 
14.149 which  were  scheduled  for  launch  from  the  NASA  Mobile  Range (USNS 
Croatan). 
It is  considered  undesirable  to  have  voltages  appearing  at  the  umbilical 
connector in flight. All  lines  not  automatically  losing  signal when the 
umbilical  cable  is  released  are  disconnected  by  the  cut-off  relay. 
I 
DC Probe I 
The DC Probe  experiment is a  modification  of  the  Langmuir  probe  tech- 
nique. The  system  used in the Type  A  payload  is  shown in Figure 6 .  The 
probing  electrode  consists  of  the  nose  tip  of  the  payload  insulated  from 
the remainder  of  the  payload  housing  which  becomes  the  second  electrode  of 
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Figure 5. IQSY payload control and monitor circuits. 
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the  asymmetrical   bipolar  arrangement.  The voltage  program  of  the  probe i s  
gene ra t ed  e l ec t ron ica l ly  and a l t e r n a t e s  between two modes. The f i r s t  i s  
the normal Langmuir probe sweep, i n  t h i s  c a s e  -2.7 V t o  +2.7 V,  du ra t ion  
0.5 sec. The probe current measured as a func t ion  of  vo l tage  obta ins  e lec-  
t ron  dens i ty  and e lec t ron  tempera ture .  The second i s  t h e  d c  o p e r a t i o n  i n  
which the probe current  i s  measured a t  c o n s t a n t  p o t e n t i a l  (+2.7 V) .  This  
l a t t e r  mode i s  p a r t i c u l a r l y  v a l u a b l e  f o r  o b s e r v a t i o n  o f  t h e  f i n e  s t r u c t u r e  
o f  t h e  e l e c t r o n  d e n s i t y  p r o f i l e .  It a l s o  a p p e a r s  t o  p r o v i d e  a va luable  
technique for  observing the D r e g i o n  e l e c t r o n  d e n s i t y  p r o f i l e ,  a l t h o u g h  n o  
sa t i s f ac to ry  theo ry  o f  t he  p robe  in  the  D reg ion  i s  y e t  a v a i l a b l e .  
The complete  e lectronic  schematic  (Type A payload) i s  shotm i n  F i g u r e  7. 
The r e p e t i t i o n  r a t e  of the voltage program i s  e s t ab l i shed  by a f ree-running 
un i junc t ion  t r ans i s to r  o sc i l l a to r  wh ich  p roduces  a pu l se ,  du ra t ion  1 msec, 
a t  i n t e rva l s  o f  2.0 seconds ,  o f  suf f ic ien t  ampl i tude  to  f i r e  a s i l i c o n  
c o n t r o l l e d  r e c t i f i e r .  The SCR discharges  a capacitor which then charges 
l i n e a r l y  from a cons tan t  cur ren t  source .  The vo l t age  on the  capac i to r  i s  
t r a n s f e r r e d  t o  t h e  n o s e  t i p  e l e c t r o d e  t h r o u g h  a n  e m i t t e r - f o l l o w e r  s t a g e  
which provides a r e l a t i v e l y  low output impedance (less than 1K).  
The electrometer i s  comprised  of a s-ingle-ended input stage, a Raytheon 
CK587 electrometer tube (maximum leakage 1 x amp), followed by a 
P h i l b r i c k  PP65A D i f f e r e n t i a l  A m p l i f i e r  b i a s e d  a t  i t s  negat ive  input  by a 
zene r  r egu la t ed  vo l t age  fo r  0 v o l t  a t  che tes t  poin t .  The feedback path i s  
from the  test  p o i n t  t o  t h e  c o n t r o l  g r i d  o f  t h e  electrometer tube.   Scale 
compression i s  in t roduced  in to  the  probe  e lec t rometer  by a t h y r i t e  r e s i s t o r  
as   the  feedback  e lement .   General ly ,   the  dynamic range  of  currents  measured 
i s  from 5 x 10-10 t o  2 x 10-5. The output  i s  o f f s e t  t o  +1 v o l t  w i t h  no input  
t o  t h e  electrometer so  t h a t  t h e  p o l a r i t y  of t he  ou tpu t  s igna l  w i l l  remain 
pos i t i ve  du r ing  the  po r t ion  of the sweep when the  p robe  e l ec t rode  po ten t i a l  
i s  nega t ive  fo r  measurement  of  posi t ive ion current .  The output  s ignal  feed-  
ing the te lemetry system i s  l i m i t e d  t o  -0.5 t o  +5.5 V by re ference  d iodes .  
A smal l  ac  s igna l ,  (100 mv, 540 c/s) i s  added t o  t h e  o u t p u t  of t h e  
e lec t rometer -ampl i f ie r   before   the   s igna l  i s  te lemetered.  Each cycle   cor-  
responds  to  an  increment  of  0.02 v o l t  d u r i n g  t h e  ramp. This has been found 
t o  add to  the  accu racy  of d a t a  r e d u c t i o n  a s  w e l l  a s  s impl i fy ing  the  computa- 
t ions .  The s i g n a l  i s  gene ra t ed  in  a p h a s e - s h i f t  o s c i l l a t o r .  
The shape of  the nose t ip  e lectr .ode of t he  DC Probe was  changed f o r  
the Nike Apache  14.147-149 payloads  in  an  a t tempt  to  reduce  the  aspec t  
s e n s i t i v i t y  e x h i b i t e d  on some e a r l i e r  f l i g h t s  ( p a r t i c u l a r l y  Nike Apache 14.146). 
The or ig ina l  shape  was conica l  wi th  the  inc luded  angle  11' ( t h i s  b e i n g  t h e  
angle of the nose cone).  The new shape i s  generated by an arc of a c i r c l e  
and has  near ly  the  same c r o s s - s e c t i o n  a r e a  t r a n s v e r s e  t o  and along the rocket  
a x i s ;  t h e  area r a t i o  o f  t h e  c o n i c a l  s h a p e  i s  t h r e e  t o  one i n  t h e s e  two d i r ec -  
t ions .  The two probe  shapes  are  shown i n   F i g u r e  8. The r educed   s ens i t i v i ty  
o f  p robe  cu r ren t  t o  veh ic l e  a spec t  i nd ica t ed  by the probe data of Nike Apaches 
14.147-149 i s  d i s c u s s e d  i n  d e t a i l  i n  t h e  s e c t i o n  of the ' repor t  concern ing  
instrumentation performance. 
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CV Propagation  Experiment 
The  prototype  for  the  rocket-borne  part  of  the  experiment  which  combines 
the  differential  absorption  and  Faraday rotation techniques 17as designed 
and  developed  at  the  University  of  Illinois.  The  actual  flight  hardware, 
with the  exception  of  the  receiver,  was  designed  and  constructed  for  inte- 
gration  into  the  Nike  Apache  payload  by GCA Corporation to meet the  specifi- 
cations  of  the  University of Illinois. 
The  use of convertors,  mechanical  commutators,  and  motors  that  could 
produce  switching  transients  and  broadband  noise was avoided  throughout  the 
payload so that  the  radio  frequency  interference in the  proximity  of  the 
receiver t70Uld  be  minimized. In addition,  the  differential  absorption  pack- 
age vas shielded  from  all  existing  instrumentation.  No  interference 17as 
encountered  from  the VHF transmitting  antenna  or  the lU? Probe. When the 
payload t7as  tested in its  final  form  with  all  systems  operating, no discerni- 
ble  noise  contribution  from the payload  instrumentation was detected in 
the  receiver  output  signal. 
The  modular  construction  of  the  receiver  and  antenna  assembly,  shovm 
in Figure 9, permits  easy  removal  from  the  payload  for  independent  testing 
or  late  changes  of  operating  frequency.  The main items  are  the  ferrite  loop 
antenna,  tuning  network,  non-metallic  section  of  payload  shell  (not  shotm in 
Figure 9), and  receiver. 
The  ferrite  loop  antenna is mounted  perpendicular  to  the  spin  axis  and 
symmetrically  located in the  non-metallic  section  of  the  payload  shell.  The 
tuning  network i s  mounted  on the bottom  of  the  antenna  deck  and  connected 
to  the  antenna. .Since the  tuning  netwokk can be  reached  through  an  access 
hold in the  non-metallic  shell,  final  tuning  adjustments  can  be mad on the 
antenna-receiver  system  after  the  payload  is  completely  assembled,  The 
output  of  the  ferrite  loop  antenna is fed  to a  transistorized,  crystal- 
controlled  superheterodyne  receiver  located  at  the  base  of  the  package. Th  
receiver  is  operated  at  a  fixed  frequency (2.225 Mc/s or  3.385  Mc/s) with 
a  bandwidth  of  approximately 2 kc and an  AGC  time  constant  of 100 milliseconds. 
The  operating  frequencies  of  the  seven  payloads  are  listed in Table 1. Its 
AGC  dynamic  range  is  from  threshold  to -60 db~with no  more  than  a 6 dbm 
change in output  level. The sensitivity  of  the  receiver  to  a  signal  of 
10 db,  signal  plus  noise-to-noise ratio,,which is 90 percent  modulated  at 
500 cps  is -120 dbm  or  better. The power  requirement  is 12 ma  at 28 volts. 
The  receiver  feeds two outputs  to  the  telemetry:  the 500-CpS modulation 
which containsoI&z!!differential absorption  and  Faraday rotation data  and 
the  AGC  signalvreceiver.  The  typical  values of the  AGC  characteristic  at 
threshold  range  from  5  to 8 volts,  but  a  voltage  divider bemeen the  AGC 
output  and  the  SCO  input  reduces  the  value  to  5  volts. 
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Figure 9. Receiver and  antenna assembly. 
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Table 1: Radio  Frequencies   for   Propagat ion  Experiment  
Nike Apache Frequency  (Mc/s) 
14.143 
14.144 
14.145 
14.146 
14.147 
14.148 
14.149 
3.385 
2.225 
2.225 
2.225 
3.385 
2.225 
2.225 
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The r ece ive r  i s  cal ibrated twice during t h e  f l i g h t  by appl ica t ion  of  
+28 v o l t s  t o  a con t ro l  l ead  to  tu rn  o f f  a p o r t i o n  of the receiver.  During 
t h e  c a l i b r a t i o n  p e r i o d s  t h e  r e c e i v e r  o u t p u t  s i g n a l  v o l t a g e  d r o p s  t o  zero 
to  provide  a zero reference.  When the  r ece ive r  i s  t u r n e d  o f f  i n  t h i s  man- 
ner  the  AGC o u t p u t  r i s e s  t o  +12 v o l t s .  The AGC s u b c a r r i e r  o s c i l l a t o r  i s  
protected by zener diode l imiting. 
U l t r a v i o l e t  I o n  Chambers 
Two types of i o n  chambers included i n   t h e  Type A payloads  sens i t ive  
t o  the  spec t r a l  r ange  from 1425 t o  14808 and the  o ther  from 1050 t o  13508 
a r e  s i m i l a r  i n  c o n s t r u c t i o n  d i f f e r i n g  o n l y  i n  window m a t e r i a l  and g a s  f i l l .  
A t y p i c a l  i o n  chamber i s  shown in  F igure  10 .  The ceramic  housing  of  alumina 
i s  p la ted  wi th  gold  on t h e  i n s i d e  o f  t h e  c y l i n d r i c a l  s e c t i o n  t o  minimize 
photo-electr ic  emission and to  exc lude  chemica l  reac t ion  wi th  the  gas .  A 
kovar  connector ,  which also serves  as  a  guard r ing,  prevents  e lectr ical  
l eakage  across  the  sur face  of  the  ceramic  to  the  cent ra l  e lec t rode ,  a l so  
of kovar. A copper  tube  connected  to  the  outer  electrode  ( the  gold  plated 
inner  sur face)  i s  used  du r ing  f ab r i ca t ion  to  in t roduce  the  gas  in to  the  
chamber. 
The 1425-14802 band ion  chamber conta ins  p-xylene  a t  1 mm pressure  
and h a s  a n  i o n i z a t i o n  e f f i c i e n c y  r i s i n g  from zero a t  14802 t o  8 percent  
a t  14252. I n  a d d i t i o n ,  n i t r o g e n  a t  20 TIUU pressure provides  a f l a t  p l a t e a u  
between  15 and 75 v o l t s .  The sapphire  windows o f fe r  t he  des i r ed  low 
wavelength  transmission l i m i t  a t  14252. The primary  objective  of t h i s  
experiment,  namely determination of the density profile of molecular oxygen, 
i s  s a t i s f i e d  by the narrow band provided by the sapphire window i n  conjunc- 
t i o n  w i t h  the  p-xylene  gas. To compensate  for  the low f l u x  i n  t h i s  s p e c t r a l  
band i t  i s  n e c e s s a r y  t o  i n c r e a s e  t h e  a p e r t u r e  from the standard area of 
0.71 cm 2 t o  t he  maximum poss ib l e  2.7 cm2. A compromise between the  requi red  
mechanical  s t rength of  this  window and i t s  d e s i r e d  t r a n s m i s s i v i t y  r e q u i r e s  
a thickness  about  1/2 m. The g rea t e s t  unce r t a in ty  invo lved  in  the  expec ted  
response of t h i s  i on  chamber a r e  unknown fac to r s  a s soc ia t ed  wi th  the  gas  
f i l l .  Al though  one  major   factor   involves   puri ty   f rom  contaminat ion,   th is  
matter has not been adequately resolved by any f ab r i ca t ion  t echn iques  
p r e s e n t l y  known. The ca lcu la ted  maximum inc iden t  cu r ren t  i s  about S X ~ O - ~ O  amp, 
b u t  a c t u a l  v a l u e s  may be much lower. 
The 1050-13502 band ion  chambers a r e  f i l l e d  w i t h  NO a t  20 rmn pressure  
and have 2 mm t h i c k  l i t h i u m  f l u o r i d e  windows with an aperture of 0.71 cm2. 
More than 80 p e r c e n t  o f  t h e  s o l a r  f l u x  i n  t h i s  band i s  from the  Lyman-a 
l i n e  a t  12168. The approximate  top  of  the  atmosphere  current i s  5x10-9 amp. 
The ion  chambers a re  pos i t ioned  in  the  payload  s o  tha t  they  may be i n  
t h e  most favorable posit ion to view the sun. A so la r  a spec t  s enso r ,  d i r ec t ly  
below the  ion  chamber, provides data on t h e  a n g l e  a t  which the  ion  chamber 
views  the  sun. T h i s  permits the measured ion chamber response to  be corrected 
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Figure 10. Ceramic-metal  envelope  subassembly  with  flange  and  lithium 
fluoride  window for an i on  chamber. 
for  its  efficiency  change  with  the  angle  of  view.  During  ascent,  both 
instruments  are  protected  by  doors  which  are  released at an  altitude  of 
about 55 Ian. The  Lyman-a  ion  chamber  is  identified  by  being  on  the  same 
side  as  the  solar  aspect  sensor.  The  ion  chamber  current was measured  with 
three  methods:  Figure  11  shows  the  method  for  Nike  Apache  14.143;  Figure  12 
for  14.145  and  14.146;  and  Figure  13  for  14.147  and  14.148.  The  methods 
differ  primarily in the  polarity  of  the  voltage  applied  to  the  ion  chamber. 
The  most  practical  arrangement  to  minimize  the  photoemission  current 
and maintain  adequate  frequency  response  is  illustrated in Figure 13; the 
complete  schematic  is  shotm in Figure 14. The  outer  cylinders  of  the  two 
ion chambers  are  biased  at "45 volts with respect  to  the  center  electrode 
and  the  positive-going  currents  are  added  and  fed  to  the  electrometer. 
Since  the  output of the  feedback  electrometer  amplifier (lob7 gain output) is 
negative  for  a  positive  input  signal,  a  subcarrier  oscillator  with  a  non- 
standard  input  range  of 0 to -5 volt is used. The electrometer is designed 
for  a  maximum ion chamber  current  of  5x10-9  amps.  This  current  produces 
a -5 volt  output  from  the  feedback  electrometer  amplifier,  and  this is fed 
directly  to  the  telemetry  systan. 
Small  signals  are  further  amplified  by  a  factor  of 25 and  ac  coupled 
to  another  channel in the  telemetry  system.  The  amplifier  provides  phase 
reversal so that  a  subcarrier  oscillator  of  the  standard  input  range 0 to 
5 volts  may  be used. The system  is  ac  coupled  to  the  telemetry  system  through 
a capacitor  to  eliminate SlOT.7 drift,  and  the  signal is dc  restored  by  a  diode. 
In-flight  calibration  of  the  telemetry  system is established  by  momentary 
interruption  of  the  data so that  a  reference  voltage can be  fed  to  the  cor- 
responding  telemetry  channels. 
The  low  gain  channel  allows  the  measurement  of  currents  from  5x10-11  to 
5x10-9 amp, while the  range of high  gain  channel  is  from 2 ~ 1 0 - l ~  to 2 ~ 1 0 ' ~ ~  
representing  a  dynamic  range  for  the  Lyman-a:  profile  of 5 ~ 1 0 ~ ~ / 2 x 1 0 - 1 ~  = 2500. 
This  provides  a  considerable  margin  of  safety  against  oor  aspect  and  low 
sensitivity. Due to  a  reduced  sensitivity  of  the  1450 ! ion  chambers,  there 
is  no  significant  margin of safet when the  measured  current is  below the 
estimated maximum  value  of 5 ~ 1 0 - l ~  amp. 
Boom-Mounted Probes 
The two Type B payloads  included  the RF Probe,  the  Negatively-Biased 
Spherical  Probe,  and  the  Spherical Ion Trap in place  of  the W ion chambers 
and  the  solar  aspect  sensor. The  following  design  changes  were  required  to 
modify  the  existing  Type A payloads: (1) the  inclusion  of an extension 
mechanism  to  deploy  the  electrode  assemblies, (2) an  increase  of  9-inches 
in the  length  of  the  cylindrical  section  of  the  payload  to  accommodate  the 
extension  mechanism  and  electronics  package  for  the RF Probe, and (3) the 
modification  of  the  electronics of the DC Probe  to  generate  a  synchronizing 
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Figure 14. Electronics for W experiment - Nike  Apache 14.147 and 14.148. 
pu l se  to  the  RJ? Probe and to  switch the electrometer  between the DC (nose 
t ip )  Probe  and the Negatively-Biased Spherical  Probe (Nike Apache  14.144) 
or the Spherical  Ion Trap (Nike Apache 14.149). 
The ex tens ion  mechanism, designed to deploy from a cu t -ou t  i n  the  
payload shel l  whose width i s  determined by the  e l ec t rode  s i ze ,  cons i s t s  o f  
two d iame t r i ca l ly  opposed folded extension booms. The folded booms were 
used i n  p r e f e r e n c e  t o  s i n g l e - l e n g t h  booms so  t h a t  e x t e n s i v e  s t r u c t u r a l  
redesign in the payload could be avoided. The booms a r e  r e t a i n e d  by  doors 
which are  e jected by the dual-door  re lease mechanism. The t o t a l  w e i g h t  
of each boom and electrode assembly i s  1.75  pounds. When the  booms a r e  
ful ly  extended as  shotm in  F igu re  15 ,  t he  e l ec t rodes  a re  loca t ed  31 inches  
from the hinge point to minimize interference from the vehicle.  
Pre-f l ight  deployment  tests demonstrated the performance of the extension 
mechanism. Posi t ive resul ts  were obtained from high speed motion picture  
coverage.  Deployment time v7as measured to be approximately 0.2  seconds a t  
a cons t an t  sp in  r a t e  o f  6.42 rps .  
To avoid  unusual ly  long-cut -outs  in  the  payload  she l l  and to  ma in ta in  
a s  s h o r t  a pay load  l eng th  a s  poss ib l e  cons i s t en t  w i th  the  in s t a l l a t ion  and 
packaging requirements of the extension mechanism and RF Probe  e lec t ronics ,  
i t  M ~ S  considered necessary to  omit the  W measurement on these two modi- 
f ied  payloads.  The so la r  a spec t  s enso r  v7as also  omit ted.  
The RF probe and the  in te r face  connec t ion  i s  shown i n  F i g u r e  16. The 
modulation frequency, 39 mc/s ,  f rom the osci l la tor  was chosen so t h a t  no 
harmonics l i e  w i th in  the  pas sband  o f  t he  d i f f e ren t i a l  abso rp t ion  r ece ive r  and 
the reby  e l imina te s  the  poss ib i l i t y  o f  r f  i n t e r f e rence .  Four  t e l eme t ry  chan- 
ne l s  a r e  r equ i r ed  s ince  l i nea r  s igna l  ampl i f i ca t ion  wi thou t  r ange  swi t ch ing  
i s  employed to  ex tend  the  dynamic range of quantities measured by the probe. 
The instrument i s  powered by in t e rna l  ba t t e r i e s ,  mon i to red  and recharged 
from the ground control console. One w a t t  i s  dratm from the payload power 
supply  to  energ ize  t h e  swi t ch -on  r e l ay  in  the  RF probe. The four  coaxia l  
cab les  connec t ing  the  probe  e lec t rodes  to  the  e lec t ronics  package  a re  
routed along the extension legs  of  the boom. 
Modif ica t ion  of  the  e lec t ronics  of  the  DC Probe provided a vo l t age  
program that  synchronized the three p r o b e s  i n  a manner which maximized the 
data  obtained and ye t  e l imina ted  in t e r f e rence  from var ia t ion  of  vehic le  poten-  
t i a l .  The voltage program and sequence of telemetry usage i s  shovm i n  
Figure 17  for  Nike Apache  14.144. The Negatively-Biased  Spherical   Probe, 
ope ra t ed  on ly  fo r  pos i t i ve - ion  co l l ec t ion ,  i s  h e l d  a t  a c o n s t a n t  p o t e n t i a l  
(-22.5 vo l t s )  r e l a t ive  to  the  rocke t  f r ame .  It ~7as  assumed t h a t  t h e  RF 
Probe i s  no t  a f f ec t ed  e i the r  by the  +2.7 v o l t s  on the  nose  t i p  e l ec t rode  
o r  by the  -22 .5  vol t s  on the  sphe r i ca l  e l ec t rode .  A l t e rna te  sweeps  of 
t he  vo l t age  on the  RF Probe i s  omitted and the  e l ec t rodes  he ld  a t  -5  vo l t s .  
During t h i s  0 .3  second interval ,  the  DC Probe i s  swept from -2.7 t o  +2.7 
v o l t s .  T h i s  vo l tage   sequence   las t ing  0.6 seconds i s  repeated  continuously.  
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F igure 15. Photograph of Type B payload, booms extended. 
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-kDC-Probe Cnd Negatively-Biased Spherical  Probe are connected al-ternately 
~ -~-0f.~~~~2_~s-e-c-ondis and i s  con t ro l l ed  by a synchroniz ing  pulse  genera ted  in  
r-sob-served :i-n-the data of Nike Apache 14.144. 
" 
" t-n-:-+besame e lec t rometer .  The complete  program i s  r e p e a t e d  a t  i n t e r v a l s  
the  DC Probe. No interference between the RF Probe and the other  probes was 
In-Nike  Apache  14.149 the Negat ively-Biased Spherical  Probe i s  replaced 
by the Spherical  Ion Trap,  consis t ing of  two c o n c e n t r i c  s t a i n l e s s  s t e e l  
s p h e r i c a l  s h e l l s  e l e c t r i c a l l y  i n s u l a t e d  from  each  other. The o u t e r  s h e l l  
i s  a g r i d  of  approximately 65% transparency. The i o n  t r a p  i s  connected  to  
the  DC P robe  e l ec t ron ic s  by a screened wire brought out along the boom. A 
cab le  of low capac i ty  per  un i t  l ength  minimizes  the  capac i ty  added t o  t h e  
input  of  the electrometer  and thereby minimizes  the displacement  current  
t h a t  r e s u l t s  when the  vo l t age  on the  inner  sphere  i s  swept l i n e a r l y  from 
-2.7 t o  +2.7 vol t s .   Disp lacement   cur ren t  i s  t h e  l i m i t i n g  f a c t o r  i n  t h e  
measurement s i n c e  t h e  s a t u r a t i o n  v a l u e  of cu r ren t  from t h e  i o n  t r a p  i s  
2 ~ 1 0 - ~  amp. The outer  conductor i s  connected  to   the  gr id ,   grounding i t  t o  
the rocket  f rame,and the center  conductor  i s  connected to  the inner  sphere.  
Figure 18 i l l u s t r a t e s  t h e  v o l t a g e  program and sequence of telemetry usage 
f o r  Nike Apache 14.149. The vo l t age  program t o  t h e  i n n e r  s p h e r e  c o n s i s t s  
of a l i n e a r  sweep  from -2.7 t o  t-2.7 v o l t s  w i t h  a dura t ion  of  0.3 seconds, 
repeated  every 1 . 2  seconds. The nose t i p  p r o b e  and the  RF Probe  are  sampled 
during  the  intervening 0.9 seconds. The other   probes  are   not   programed 
whi l e  t he  ion  t r ap  i s  sampled. 
Solar Aspect Sensor 
The solar  aspect  sensor  measures  the angle  between the longi tudinal  
a x i s  of a sp in  s t ab i l i zed  rocke t  and the sun-rocket  l ine for  angles  between 
20 and 160 with  an  accuracy of 2 1 . I t s  primary  purpose i s  to   p rovide  
a s p e c t  d a t a  t o  c o r r e c t  t h e  measured response of the W d e t e c t o r s  t o  c o n d i t i o n  
of  normal  incidence. In addi t ion ,   the   ins t rument  complements the  magnetic 
aspect  sensor  and provides  information on v e h i c l e  s p i n  r a t e  and angle  and 
per iod of precession cone. A s  mentioned i n  t h e  d i s c u s s i o n  of the  W i n s t r u -  
men ta t ion ,  t he  so l a r  a spec t  s enso r ,  mounted d i r e c t l y  below the  Lyman-a 
chamber, i s  p ro tec t ed  from aerodynamic heating by e jec tab le  doors  dur ing  
the launch phase.  
0 0 
The measurement technique involves a diamond-shaped ape r tu re  wi th  a 
l i gh t  de t ec to r  p l aced  a f ixed  d is tance  behind  the  center  of  the  aper ture .  
The sensor  i s  mounted w i t h  t h e  l o n g  a x i s  p a r a l l e l  t o  t h e  s p i n  a x i s  of t he  
rocket .  As t he   rocke t   sp ins ,   t he   de t ec to r ,   i nd ica t ing   t he   i n t e r sec t ion   o f  
t he   sun -de tec to r   l i ne  and the   ape r tu re ,   func t ions   a s   an   o f f -on   swi t ch .  The 
aspec t  angle  i s  obtained from the time interval between two pulses  generated 
i n  t h e  d e v i c e  by t h e  s p i n  of the rocket.  
The o r i g i n a l  series of aspect  sensors  (Model XAS-101) used a photo- 
conduct ive  s i l i con  d iode  (Texas  Instruments, 1N2175) a s  t h e  l i g h t  d e t e c t o r .  
I n  t h e  new aspect  sensor  (Model XAS-102), a s i l i con  so lar  energy  conver tor  
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Figure 18. Probe  vol tage and te lemetry  sequence for  Nike  Apache 14.149. 
. .  . . .  
(Solar  Systems, SS-30) replaces   the  photodiode.  Two d i s t inc t   advan tages  of 
the photovol ta ic  device over  the photoconduct ive uni t  make i t  more appl ica-  
b l e   fo r   t he   a spec t   s enso r :  (1) the   ou tput   vo l tage  i s  approximately  propor- 
t ioned to  the cosine of  the angle  of i n c i d e n t  l i g h t  and (2) for  smal l  a reas ,  
the '  output  vol tage i s  a func t ion  of  to ta l  a rea  exposed .  I n  the design of  
t h e  a p e r t u r e  p l a t e ,  t h e  a r e a  f a c t o r  c a n  b e  a d j u s t e d  t o  l a r g e l y  c o u n t e r a c t  
the cosine dependence;  consequent ly ,  the output  vol tage of  the cel l  i s  
nearly  independent  of  aspect  or  azimuth  angle.   Figure 19  shows the   t h ree  
main p a r t s  of the  instrument:  (1) t h e  f r o n t  and r e a r  a p e r t u r e  p l a t e s  on 
the   se l f - loca t ing   spacers ,   (2 )   the   so la r   energy   conver tor ,  and (3)  the 
wave shap ing   c i r cu i t .  The cons t ruc t ion  and use  of   this   inst rument  i s  
d e s c r i b e d  i n  r e f e r e n c e  [l]. 
Magnetic Aspect Sensor 
A magnetic aspect sensor (Schonstedt,  Model RAM-3) mounted t r ansve r se ly  
to  the  sp in  ax is  provides  angular  re ference  for  the  Faraday  Rota t ion  exper i -  
ment. I n  a d d i t i o n  t o  v e h i c l e  s p i n  r a t e  d a t a ,  o t h e r  i n f o r m a t i o n  on veh ic l e  
motion  including  period and angle  of precession  cone i s  obtained.  Before 
so la r  aspec t  sensor  exposure  a t  T"40 seconds on the  Type A pay loads ,  t h i s  
aspect  sensor  i s  t h e  s o l e  means  of determining vehicle  motion.  
Baroswitch 
The baroswitch (CHI Model 66.7, Modi f ied ,  75 ,000  fee t j  in  the  payloads  
p rov ides  a l t i t ude  r e fe rence  wh ich  g ives  a bas i s  fo r  t r a j ec to ry  de t e rmina t ion  
when more soph i s t i ca t ed   r ada r   da t a   a r e   no t   ava i l ab le .  A t  Wallops  Island 
the  method has been successfully checked against  radar data as described 
under  vehicle  performance,  below. The baroswi tch   a l so  arms the  t imer  in  
t h e  d o o r  r e l e a s e  c i r c u i t .  
Telemetry 
The FM/PM telemetry system employs a 250 m i l l i w a t t  s o l i d - s t a t e  t r a n s -  
mit ter   (Vector  Model TWT-250) o p e r a t i n g  a t  231.4  Mc/s. The frequency- 
modulated  outputs  of  the  subcarrier  data  channels (Type A ,  seven; 5 p e  B,  
n i n e )  a r e  l i n e a r l y  combined and used to  phase  modula te  the  t ransmi t te r .  
Continuous information i s  obtained from a l l  d a t a  c h a n n e l s  i n  t h i s  a r r a n g e -  
ment  of f requency divis ion mult iplexing.  The channel  usage  of  the Type A 
and Type B payloads i s  l i s t e d  i n  T a b l e s  2 and 3, r e spec t ive ly .  A s tandard 
turns t i le  an tenna  suppl ied  wi th  the  standard NASA aluminum payload housing 
i s  used. 
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Table 2: IQSY . .__ Payload, - " Type ~ A;  Telemetry  Channel Usage 
Center  Information 
Channel  Frequency  Perc ntage  Bandwidth  Signal 
kc /s   Devia t ion   c /  s 
." . . " 
E 70 + 15 2 100  Output of D i f f e r e n t i a l  - 
Absorption Receiver 
C 40 + 15 - 1200 Solar  Aspect  Sensor and 
monitor  vol tages  for  baro-  
switch and door  re lease 
mechanism 
A 22 + 15 660 - DC Probe 
1 2  10.5 - + 7.5 160 W Detec tors  (180' opposed) 
11 7.35 - + 7.5 110 W Detectors  (180' opposed) 
h igh  ga in  
low ga in  
10  5.4 - + 7.5 81 AGC of D i f f e r e n t i a l  
Absorption Receiver 
6 1 .7  + 7.5  25 - Magnet ic   aspect   sensor ,  
t r ansve r se  
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Table 3 :  IQSY Payload, Type B; Telemetry  Channel Usage 
Center   Information 
Channel  Frequ ncy  Percentage  Ba dwidth 
kc /s   Devia t ion   c /  s 
Signal  
E 70 - + 15 2100 Output   of   Different ia l  
Absorption Receiver 
C 40 
A 22 
- + 15 1200 DC Probe  (a l ternat ing 
nose  t ip  wi th  Negat ive ly-  
Biased Spherical  Probe, 
Nike Apache 14.149; o r  
Spherical  Ion Trap, Nike 
Apache 14.149) 
+ 15 660 Monitor  .vol tages  for  
baroswitch and door 
r e l e a s e  and boom exten- 
s i o n  mechanisms 
1 2  10.5 - + 7.5 160 RF Probe,  Output 1 
11 7.35 - + 7.5 110 RF Probe,  Output 2 
10 5.4 - + 7.5 81  RF Probe,  Output 3 
-9 3.9 - + 7.5 59 RF Probe,  Output 4 
8 3.0 - + 7.5 45 AGC o f   D i f f e r e n t i a l  
Absorption  Receiver 
6 1 .7  + 7.5 - 25 Magnetic  Aspect  Sensor, 
Transverse 
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Timers 
The  mechanical  timer  (Raymond  Model 1060), started  by an acceleration 
switch  at  launch,  energizes  the  following  external  circuits  for  periods of 
11 seconds  (minimum  time  available  as  determined  by  the  cams) with cam- 
operated SPDT switches  during  its  180-second  time  cycle: (1) the  calibration 
circuits  to  the  probe  electrometer,  the W telemetry  channels,  and  the  zero- 
check  for  the  differential  absorption  receiver  at 30 seconds  and  again  at 
160 seconds  and (2) the  door  release  circuit  at 40 seconds  for  the  Type A 
payload  and 50 seconds  for  the  Type B payload. The  calibrate  cycles  occurred 
at  two  points  of  the  trajectory  before  and  after  the  desired  scientific  data 
were obtained.  Since  a  calibrate  cycle  of  shorter  duration  than 11 seconds 
is more  desirable,  an  auxiliary  electronic  timer was added in Nike  Apaches 
14.147-14.149  to  limit  the  period  to 2 seconds. 
Door  Release  Mechanism 
The  door  release  mechanisms,  common t  the  Type A and B payloads,  serve 
to  eject two oppositely  positioned  doors. A bellows  actuator  (Hercules 
BA 31K2) is used  for  initiating  the  release.  The  doors  are  released  at 
T+40 seconds  (about  130,000  feet  altitude)  for  the  Type A and T+50 seconds 
(about 180,000 feet  altitude)  for  the  Type B payloads. 
Power  Supply 
The main power  supply (27 volts)  for  the  payload  consists of 18  re- 
chargeable  cells  (Yardney HR-05). The  Type A payload  requires  475ma  and 
the.Type B ,  575ma. This i s  supplemented  by  mercury  batteries  (Mallory)  used 
for  the  following  low-current  applications: (1) negative  bias  voltage 
(-14.8  volts), (2) collecting  voltage  for W ion  chambers (+44.8 volts),  and 
(3) an  ungrounded  suppiy  for  the DC Probe  sweep  circuit. 
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VEHICLE  AND INSTRUMENTATION PERFORMANCE 
Generally,  vehicle performance was v e r y  s a t i s f a c t o r y ,  and the instrumen- 
t a t ion  wi th  each  pay ioad  p rov ided  the  expec ted  sc i en t i f i c  da t a .  The d a t a  
obtained from telemetry records,  radar ,  and the  appropr i a t e  ca l cu la t ions  are 
summarized i n  T a b l e s  4 through 8. The rocket  launch data  obtained from 
te lemet ry  records  is  l i s t e d  i n  T a b l e  4 and includes times of s t a g e  i g n i t i o n  
and  burnout  and  impact  (loss of s igna l ) .  I n  two cases (14.143  and  14.146) 
the  time of Apache burnout w a s  advanced by la te  Apache i g n i t i o n  t o  o c c u r  
d u r i n g  t h e  f i r s t  c a l i b r a t i o n  p e r i o d  when Apache burnout cannot be de tec ted  
on  the  t e l eme t ry  r eco rds .  S ince  the  ca l ib ra t ion  pe r iod  is  i n i t i a t e d  b y  t h e  
c losure  of  a baroswitch a t  75,000 f e e t ,  a low t r a j e c t o r y ,  as i n  t h e  case 
of  14.147,  a l lowed suff ic ient  time t o  o b s e r v e  Apache burnout even though late 
Apache i g n i t i o n  w a s  encountered. 
The p r e d i c t e d  a l t i t u d e  and time of  apogee  of  164.7 km and  203.1 sec ,  
r e s p e c t i v e l y ,  f o r  t h i s  s e r i e s  of  Nike Apache rocke t s  i s  based on an e f f e c t i v e  
launch  angle  of 80° and a payload  weight  of 60  pounds. The a l t i t u d e  and time 
of  apogee data obtained from radar and from the t ime-of-fl ight technique of 
de te rmining  t ra jec tory  a re  g iven  in  Table  5. This  technique  has  been  discussed 
i n  an e a r l i e r  r e p o r t  [2]  and t h e  a c t u a l  c a l c u l a t i o n  o f  t r a j e c t o r y  i s  i l l u s t r a -  
t e d  i n  Appendix A. I n  F i g u r e  20 apogee a l t i t ude  ob ta ined  from rada r  da t a  i s  
p lo t t ed  aga ins t  t ime-o f - f l i gh t  above a r e fe rence  a l t i t ude  (23 .0  km) as  g iven  
by a baroswitch  for   the  seven IQSY rockets .  The l i n e  i s  t h e  t h e o r e t i c a l  r e l a -  
t i on  us ing  a constant  value of  accelerat ion due to  gravi ty  of  935 cm/sec2 as  
de t e rmined   f rom  ea r l i e r   f l i gh t s .  A s  noted i n  Table  5, two d a t a  p o i n t s ,  d e t e r -  
mined from  the f i r s t  and las t  observed switching t imes of the baroswitch with 
a poor  contac t ,  a re  used  to  def ine  the  spread  a t  va lues  of t ime-o f - f l i gh t  fo r  
14.149. The observed  poin ts  a re  wi th in  1 km of apogee  of  the  empirical   rela- 
tion  with  the  exception  of  14.144  ,(+1.5 km). A l though  the  r e su l t s  a r e  sa t i s -  
f ac to ry ,  i t  a p p e a r s  t h a t  a , l i n e  b a s e d  on 931  cm/sec2  would  provide a more 
a c c u r a t e  f i t  o f  t h e  d a t a  p o i n t s  f o r  t h i s  p a r t i c u l a r  s e r i e s  o f  rocke t  f l i gh t s .  
Note t h a t  a s a t i s f a c t o r y  r e s u l t  i s  obta ined  for  14 .147  in  sp i te  of the unusual- 
l y  low t r a j e c t o r y .  
The observed  impdct  po in ts  l i s ted  in  Table  6 are taken from radar data.  
The va lues  of  hor izonta l  range  and elapsed-time-from-launch for 14.147 are 
low s ince  the  low t r a j e c t o r y  r e s u l t e d  i n  l o s s  of r a d a r  t r a c k  as the  rocke t  
dropped below the horizon a t  a n  a l t i t u d e  of 9.03  km. 
The payloads each contained a magnet ic  aspect  sensor  arranged t ransversely 
to   the   longi tudina l   ax is   o f   the   payload .  The instruments  are s e n s i t i v e  
pr imar i ly  to  sp in  mot ion ,  bu t  cone  angle  of precess iona l  mot ion  can  a l so  be  
determined. The so la r   a spec t   s enso r s  (Type A payloads  only),  uncovered a t  
40 seconds  a f t e r  l aunch ,  complement the  magnetic  aspect  'sensors.   Analysis  of 
t he  t e l eme t ry  r eco rds  gave  da ta  on  ro l l  rate and angle  of  the  rocke t  wi th  
r e spec t  t o  the  sun  and  to  the  magne t i c  f i e ld .  The s p i n  ra te  h i s t o r i e s  
extending from launch  up t o  T i 4 0  seconds are shown i n  F i g u r e  21. It is  noted 
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Table 4: Rocket  Launch  Data  (Telemetry  Records) 
Nike  Apache 14.143 ( 16 April  1964,  Wallops  Island, va.) 
Nike Ign i t ion :  2105: 00.0 UT (T) 
Nike  Burnout:  2105:03.6 UT (T + 3.6 sec.)  
Apache I g n i t i o n :  2105:21.7 UT (T + 21.7 sec . )  
Impact 
(Loss of Signal):  2111:44.0 UT  (T + 404.0  sec.)  
Nike  Apache 14.144 ( 15 J u l y  1964,  Wallops  Island, va.1 
Nike Ignition:  0800:00.2 UT (T) 
Nike  Burnout:  0800:03.8 UT (T + 3.6 sec.)  
Apache Igni t ion:   0800:21.2 UT (T + 21.0  sec.)  
Apache  Burnout:  0800:27.7 UT (T + 27.5   sec . )  
Impact 
(Loss of Signal):  0806:32.6 UT (T + 392.4 sec.)  
Nike  Apache 14.145 ( 15 J u l y  1964,  Wallops  Island,  Va.) 
Nike Igni t ion:   0920:00.2 UT (T) 
Nike  Burnout:  0920:03.8 UT (T + 3.6   sec . )  
Apache Igni t ion:   0920:21.3 UT (T + 21 .1   s ec . )  
Apache Burnout:  0920:  28.1 UT (T + 27.9 sec. ) 
Impac t 
(Loss of Signal):  0926:39.3 UT (T + 399.3  sec.)  
Nike  Apache  14.146 ( 15 J u l y  1964,  Wallops  Island,  Va.) 
Nike  Igni t ion:  1025:OO.l UT (T) 
Nike  Burnout:  1025:03.6 UT (T + 3.5 s e c . )  
Apache I g n i t i o n :  1025: 23.1 UT (T + 23 .O sec. ) 
Impact 
(Loss of Signal):  1031:51.4 UT  (T + 411.3 sec.)  
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Table 4: (Continued) 
Nike  Apache 14.147 ( 10 November 1964, Wallops  Island,  Va.)  
Nike   Ign i t ion :  1107:OO.l UT (T) 
Nike  Burnout : 1107:03.7 UT (T + 3.6 sec.) 
Apache I g n i t i o n :  1107: 22.4 UT (T + 22.3 sec.) 
Apache  Burnout: 1107: 29.4 UT ( T  + 29.3 sec .) 
Impact 
(Loss of S igna l ) :  1112:47.8 UT ( T  + 347.7 sec.) 
Nike  Apache 14.148 ( 19 November 1964, Wallops  Is land,  Va.) 
Nike   Ign i t ion :  2202:06.0 UT (T) 
Nike  Burnout: 2202:'09.6 UT (T + 3.6 sec.) 
Apache I g n i t i o n :  2202:26.4 UT ( T  + 20.4 sec.) 
Apache  Burnout: 2202:33.0 UT (T + 27.0 s e c . )  
Impact 
(Loss of S igna l ) :  2208:52.1 UT (T + 406.1 sec . )  
Nike  Apache 14.149 ( 19 November 1964, Wallops  Is land,  Va.)  
Nike   Ign i t ion :  2020:OO.l UT (T) 
Nike  Burnout: 2020:03.6 UT (T + 3.5 sec.) 
Apache I g n i t i o n :  2020:21.4 UT (T + 21.3 sec.) 
Apache  Burnout 2020:28.4 UT (T + 28.3 sec.) 
Impact 
(Loss of Signa l ) :  2026:44.3 UT ( T  + 404.2 sec.) 
Table 5a: Apogee A l t i t u d e  and Time (Radar  Data) 
Apogee Universal  Time-From-Launch 
Payload A 1  t i  tude (km)* Time (UT) (sec)  
14.143 
14.144 
14.145 
14.146 
14.147 
14.148 
14.149 
167.8 
154.3 
160.8 
171.2 
118.8 
169.7 
167.0 
2108:  27.0 
0803:17.9 
0923:22 .4  
1028:30.0 
1109 : 55.1  
2205:27.0 
2023:  25.1 
207.0 
197.9 
202.4 
210.0 
175.1 
207.0 
205.1 
* 
164.7 km p r e d i c t e d  f o r  a l l  f l i g h t s  e x c e p t  120'km f o r  14.147. 
Table 5b: Apogee A l t i t u d e  and Time Obtained  from Time of F l i g h t  
Above Reference Level (23 .0  km) 
Apogee Univer  sa 1 Time-From-  Launch 
Payload A 1  t i  tude (km) Time (UT) (set> 
14.143 
14.144 
14.145 
14.146 
14.147 
14.148 
14.149 a* 
14.149b** 
168.0 
155.8 
161.7 
172.1 
117.8 
170.4 
166.6 
168.4 
2108 : 26.0 
0803:   18.6 
0923:   22.1 
1028 : 29.4 
1109:56.0 
2205:26.8 
2023:  25.1 
2023:26.1 
206.5 
198.4 
201.9 
209.3 
175.9 
206.8 
205 .O 
206.0 
&.L n e  
Two data  poin ts  de te rmined  f rom f i r s t  and las t  observed switching t imes of  
baroswitch with poor contac t .  
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Table 6: Impact  Data (Radar) 
Payload Horizontal  Range Azimuth Time-from-Launch 
Number (km) (degrees) (sec.) 
14.143 183.9 94.0 402.0 
14.144 173.8  103.9  39 1.7 
14.145 190.8 93.3  397.0 
14.146 164.1  117.3  412.0 
14.147* 276.8  138.9 334.1 
14.148 170.8  125.0 410.0 
14.149 145.2 130.0 403.1 
~ ~~ ~~ 
''e Listed  values taken at 9.03 km elevation  above  sea level. 
~ ~ 
Table 7: Precessional  Motion and Spin Rocket.(Telemetry  Records) 
Nike  Apache Period  Cone  Angle Spin  Rat  at  Apogee 
14.143 37 1.5 6.21 
(set) (rpsY 
14.144 
14.145 
14.146 
14.147 
14.148 
14.149 
76 
40 
47 
48 
3 4  
60 
9.0 
5.0 
20.0 
21.5 
13.0 
22.0 
2.26 
5.32 
4.59 
4.42 
6 -37 
3.25 
Table 8: Solar  Zenith  Angle at 90 km Altitude 
Vehicle  Launch  Ascent Descent 
14.143 1605 61.28' 63.23' 
14.144 03 00 107.87 106.85' 
14.145 0420 95.76' 94.12O 
14.146 05 25 84.55O 83. loo 
14.147 0607 95.64O 94.64O 
14.148 1702:  06 93.91° 95.30° 
14.149 1520 76.34O 77.19O 
(EST) 
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Figure 20. Apogee  altitude (radar data) vs time of flight 
above reference altitude. 
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Figure 21. Sp in  ra te  h i s tor ie s  of Nike Apaches 14.143 through 14.149. 
t h a ~ t  t h e  d e s i r e d  r o l l  rates a t  Nike burnout (2.0 rps) Apache i g n i t i o n  (10 r p s ) ,  
and Apache burnout (6 rps )  were r e a l i z e d .  The per iod and  cone  angle  of  pre- 
cessional  motion and spin rate fo r  each  rocke t  du r ing  mid - f l i gh t  i s  g i v e n  i n  
Table 7. A cone  angle of less than 10 degrees  denotes  the condi t ion of  
exce l len t   sp in   s tab i l iza t ion .   Al though  th ree   rocke ts ,   14 .146/7 /9 ,   exhib i ted  
cone  angles  of 20 degrees,   21.5  degrees,  and 22 deg rees ,  r e spec t ive ly ,  t hey  
do n o t  d e v i a t e  s u f f i c i e n t l y  from t h a t  of a w e l l  s t a b i l i z e d  r o c k e t  t o  r e s u l t  
i n  l o s s  of da t a  o r  i n t roduc t ion  of compl i ca t ions  to  da t a  ana lys i s .  An a t t e m p t  
was made t o  c o r r e l a t e  t h e  s p i n  rate a t  t h e  c r i t i c a l  times o f  i g n i t i o n  and 
burnout  wi th  the  degree  of  sp in  s tab i l iza t ion  because  the  vehic les  were 
d i v i d e d  i n t o  two distinct groups based on cone angle of precession, but no 
c o r r e l a t i o n  was ind ica t ed .  However, i f  t h e  s p i n  rates of   the Type payload 
veh ic l e s  i s  considered a t  apogee  (Table 7 ) ,  it i s  ev iden t  t ha t  t hose  wi th  
t h e  h i g h e s t  s p i n  ra tes  (l’:.l’:,” are a s soc ia t ed  wi th  the  smallest precess ion  
cone. (/Lj. / w / . - / g >  
The e f f ec t ive  az imuth  and e l eva t ion  ang le s  and time of launch i s  s e l e c t e d  
t o  g i v e  a p a r t i c u l a r  s o l a r  z e n i t h  a n g l e .  The s o l a r  z e n i t h  a n g l e s  f o r  t h e  
f l i g h t s  were computed  from the  t r a j ec to ry  da t a .  Tab le  8 g ives  the  angles  
wi th   the   rocke t  a t  90 km both on ascent  and descent .  The a n a l y s i s  of t h e  
da t a  inc luded  de ta i l ed  ca l cu la t ions  o f  t he  so l a r  zen i th  ang le  a long  the  
r o c k e t  t r a j e c t o r y  a n d ,  i n  t h e  case of z e n i t h  a n g l e s  g r e a t e r  t h a n  90 degrees ,  
t h e  minimum ray height  (between the rocket  and sun)  a long the rocket  t ra jectory.  
Instrumentation Performance 
The per formance  of  the  sc ien t i f ic  ins t rumenta t ion  and support  instrumenta-  
t i o n  was s a t i s f a c t o r y  i n  f l i g h t  a l t h o u g h  some p a r t i a l  f a i l u r e s  o c c u r r e d .  
Br i e f  comments are made on t h e  s i g n i f i c a n t  a s p e c t s  of  each  f l igh t .  
Nike Apache 14.143: - Type A Payload - The f i r s t  f l i g h t  of t he  IQSY series 
served as t h e  c o n t r o l  f l i g h t .  The instrumentation  performance was e x c e l l e n t  
w i th  the  s ing le  excep t ion  o f  t he  W experiment. The f a i l u r e  was apparent ly  
due to  inadequate  f requency response of  the W electrometer ;  mechanical  and 
e l e c t r i c a l  f a i l u r e  i n  f l i g h t  have  been  ruled  out .   For   the  succeeding  f l ights  
t h e  s e n s i t i v i t y  of t he  e l ec t rome te r  was reduced by a f a c t o r  of ten,  with a 
corresponding  increase  in   f requency  response.  The propagation  experiment  of ’ 
t he  Un ive r s i ty  of I l l i n o i s  gave  exce l len t  da ta .  The servoloop mode of opera t ion ,  
i n  which  the  a t tenuat ion  of t he  t r ansmi t t ed  o rd ina ry  wave is  cont inuously 
c o n t r o l l e d  by feedback of  the received s ignal  te lemetered from the payload,  
was success fu l ly  r ea l i zed .  The dc  probe  provided  excellent  data  from  which 
t h e  e l e c t r o n  d e n s i t y  p r o f i l e  and e lec t ron  tempera ture  informat ion  were obtained 
The new so la r  a spec t  s enso r ,  XAS102, using a s i l i c o n  s o l a r  e n e r g y  c o n v e r t o r  
as t h e  l i g h t  d e t e c t o r ,  was instrumented to measure the analog voltage of the 
so la r  energy  conver tor .  This  measurement was made t o  c o n f i r m  t h a t  t h e  v a r i a -  
t i on  in  ou tpu t  vo l t age  o f  t he  so l a r  ene rgy  conve r to r  w i th  ang le  was minimized 
by area compensat ion  of   the  f ront   aper ture   plate .  The d a t a  i n d i c a t e d  t h a t  
the  output  vo l tage  (approximate ly  propor t iona l  t o  the  cos ine  o f  t he  ang le  o f  
i n c i d e n t  l i g h t )  a t  an angle of 60° was only 77, less than  the  va lue  a t  normal 
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incidence.  The r e s u l t s  o f  t h e  c o n t r o l  f l i g h t  i n d i c a t e d ,  t h e r e f o r e ,  t h a t  no 
major mechanical or electrical changes were requi red  to  comple te  the  
remaining payloads. 
Nike Apache 14.144 - Type B Payload - The v e h i c l e  m a i n t a i n e d  e x c e l l e n t  a t t i t u d e  
d u r i n g  t h e  f l i g h t  as indicated  by  the  aspect  magnetometer.  The s c i e n t i f i c  
da t a  r ece ived  was good and a l l  suppor t  i n s t rumen ta t ion  func t ioned  sa t i s f ac to r i ly .  
This payload was t h e  f i r s t  o f  t h e  series t o  employ a boom extens ion  mechanism 
t o  d e p l o y  two d i a m e t r i c a l l y  opposed e lec t rode  assembl ies  (an  RF probe and a 
negat ively-biased  spherical   probe) .  The boom deployment,  occurring a t  T + 50 
sec. a t  an  a l t i tude  of  173 ,000  fee t ,  d id  not  damage the  p robe  e l ec t rodes  o r  
cause a d ra s t i c  dynamica l  behav io r  o the r  t han  r edus5 i .n  in  sp in  rate of t h e  
veh ic l e   (4 .5   t o  2 .3  r p s  from the  increased  rol l%?  iner t ia) .  The vo l t age  
program s a t i s f a c t o r i l y  a v o i d e d  t h e  e f f e c t  of v a r i a t i o n  of v e h i c l e  p o t e n t i a l  
by each probe, since no evidence of  mutual  interference w a s  no ted  in  the  
d a t a  of the var ious probes.  
Nike Apache 14.145 - Type A Payload - The instrumentation performance was 
e x c e l l e n t .  The c i rcu i t   changes  shown in  F igu re  14  r educed  the  sens i t i v i ty  
and increased the frequency response over that  of 14.143 to give excellent 
Lyman4 data .  N o  p r o f i l e  of  1425-14808 r a d i a t i o n  was obtained  because  the 
c u r r e n t s  were masked by  photo-emission  current.  However, t h e  p r o f i l e  of 
photoemission current ,  which represents  the effect  of  wavelengths  in  the 
v i c i n i t y  of 20008 were found t o  b e  u s e f u l  as they  can  be  shown t o  b e  r e l a t e d  
t o  t h e  ozone  concentration.  This  rocket was launched a t  a time (0520 EST) 
when t h e  c a l c u l a t e d  h e i g h t  f o r  t h e  e a r t h  shadow was about 40 km; i t  w a s  
subsequen t ly  ca l cu la t ed  to  be  34..5 km. The so la r  a spec t  s enso r ,  however, 
f i r s t  saw the sun when the  rocke t  was a t  a n  a l t i t u d e  of 53.3 km, t h e  e f f e c t i v e  
e a r t h  shadow he igh t .  Th i s  d i f f e rence  can  be  in t e rp re t ed  as atmospheric 
a t t e n u a t i o n  of t h e  r a d i a t i o n  of  up t o  a n  a l t i t u d e  of  about  18 km. The 
secondary information obtained from the solar  aspect  sensor  concerning the 
e f f e c t i v e  e a r t h  shadow he ight  was examined f o r  t h e  14.1451718 f l i g h t s  and 
is d i s c u s s e d  l a t e r  i n  t h i s  s e c t i o n .  
Nike Apache 14.146 - Type A Payload - The instrumentation  performance was 
exce l l en t .  A s  i n  14.145,   photoemission  current   prof i les  were obtained  from 
the  p-xylene  ion  chambers.  This  rocket  developed a precession  cone  having 
an included angle of 20°. The p recess iona l  mo t ion  d id  no t  s e r ious ly  a f f ec t  
t he  dc probe data,  but i t  produced a dis t inct  modulat ion of  the probe current .  
The e f f e c t  of vehic le  mot ion  on probe current w i l l  be  discussed la te r  i n   t h i s  
s ec t ion .  It can  be  i l l u s t r a t ed  tha t  t he  va r i a t ion  in  p robe  cu r ren t  is 
u n m i s t a k a b l y  d u e  t o  t h e  a s p e c t  s e n s i t i v i t y  o f  t h e  c o n i c a l  s h a p e d  n o s e  t i p  
e l ec t rode .  The shape of t h e  n o s e  t i p  e l e c t r o d e  w a s  changed t o  make i t  more 
n e a r l y  s p h e r i c a l  and hence minimize the effect  of precessional motion. 
Nike Apache 14.147 - Type A Payload - The ins t rumenta t ion  func t ioned  sat is-  
f ac to r i ly  a l though  the  apogee  a l t i t ude  (118.8 km) of  the rocket  was too  low 
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t o  g i v e  s i g n i f i c a n t  d a t a  from the UV sensors .  The v e h i c l e  was launched a t  a 
low e l e v a t i o n  of 70 d e g r e e s  i n  p a r t  f o r  s c i e n t i f i c  r e a s o n s ,  a n d  i n  p a r t  t o  
test t h e  t e l e m e t r y  a n d  o t h e r  f a c i l i t i e s  o f  t h e  NASA Mobile Range (USNS 
Croatan)   loca ted   approximate ly   under   the   apogee   of ' the   t ra jec tory .   This  was 
t h e  f i r s t  f l i g h t  i n  t h e  program t o  u s e  t h e  o g i v a l  n o s e  t i p  e l e c t r o d e  i n  p l a c e  
of  the  conica l  shaped  e lec t rode .  The reduced  sens i t iv i ty  of  probe  cur ren t  
t o  v e h i c l e  a s p e c t  i s  immediately apparent ;  in  spbi te  of  a moderate  precession 
cone (22  included  angle)  no r e l a t e d  v a r i a t i o n  i n  p r o b e  c u r r e n t  i s  seen.  This 
has  been confirmed in  the two succeed ing  f l i gh t s .  No e lec t ron  tempera ture  
da ta  could  be  ex t rac ted  f rom the  te lemet ry  records .  In te r -modula t ion  d is tor -  
t ion  of  about  1% of f u l l  scale of the dc probe telemetry channel was s u f f i c i e n t  
t o  r ende r  the  e l ec t ron  t empera tu re  sweep no i sy  and  i l l eg ib l e .  
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Nike Apache 14.148 - Type A - This payload was launched from the NASA Mobile 
Range (USNS Croatan) .  The ins t rumenta t ion  worked w e l l ,  g iv ing   exce l l en t  
d a t a  from the  Lymand de tec tor ,  the  DC probe, and the propagation experiment.  
The W c i r c u i t  had been changed (see a p reced ing  sec t ion )  t o  e l imina te  the  
photoemission  current  from  the  ion chamber walls. However, t h e  1450% ion  
chamber s e n s i t i v i t y  was smaller than expected and no d a t a  was obtained.  
Nike Apache 14.149 - Type B Payload - The Payload was instrumented w i t h  two 
e lec t rode  assembl ies  on  ex tendib le  booms; one boom c a r r i e d  a n  RF probe and 
the  o the r  an  ion  t r ap .  A l l  instrumentation  performed w e l l  e x c e p t  f o r  t h e  i o n  
t r a p  from which no data were obtained.  The da ta  of  the  ion  t rap  exper iment  
i nd ica t ed  the  ex i s t ence  o f  an  open  c i r cu i t  l oca t ed  e i the r  i n  the  coax ia l  cab le  
connec t ing  the  ion  t r ap  to  the  e l ec t rome te r  o r  a t  the  connec t ion  of  the  cable  
t o  t h e  i o n  t r a p .  The e l e c t r o n  d e n s i t y  p r o f i l e  was obtained from the dc probe 
b u t  no e lec t ron  tempera ture  da ta  could  be  reso lved .  Dur ing  the  e lec t ron  
temperature mode, the nose electrode,  insulated from the body  of t he  rocke t ,  
i s  swept  from -2 .7  v o l t s  t o  +2.7 v o l t s  by the program unit .  The r e s u l t i n g  
cur ren t -vol tage  waveform,  which i s  to  be  ana lyzed  in  the  manner of the Lang- 
mui r  p robe  t echn ique  to  ob ta in  e l ec t ron  t empera tu re ,  con ta ins  a d i s c o n t i n u i t y .  
As  such,  the semi- log plot  of l og  i versus  v, where i and v are the probe 
cu r ren t  and vol tage,  respect ively,  gives  two poss ib l e  s lopes ,  and l eads  
ambiguously t o  two poss ib l e  r e su l t s  fo r  t he  va lue  o f  e l ec t ron  t empera tu re .  
No sa t i s f ac to ry  exp lana t ion  fo r  t he  d i sc repancy  can  be  o f f e red  a t  t h i s  time. 
The booms were deployed a t  T + 50 sec  a t  a n  a l t i t u d e  of 178,000 f e e t  and 
co l lapsed  on descent  a t  a n  a l t i t u d e  of  147,000 f ee t .  Th i s  r ep resen t s  a 
be t te r  margin  of  sa fe ty  than  for  the  ear l ie r  f l i g h t  (14.144)  where t h e  
r e spec t ive  he igh t s  were 173,000 f e e t  and 160,000 f e e t .  
The Ef fec t ive  Ea r th  Shadow Height 
The t h r e e  r o c k e t  f l i g h t s  a t  a so la r  zen i th  angle  of  about  95O show 
i n t e r e s t i n g  d a t a  on t h e  e a r t h ' s  shadow f o r  v i s i b l e  l i g h t .  The s e n s i t i v i t y  
of t he  so l a r  a spec t  s enso r s  on  these  f l i gh t s  is  a d j u s t e d  t o  g i v e  a s i g n a l  
a t  about 40% of  una t t enua ted  so la r  r ad ia t ion .  A p a r t i a l  s i g n a l  is  observed 
a t  smaller i n t e n s i t i e s .  I n  t h e  a b s e n c e  of  any at tenuat ion by the atmosphere,  
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t he  senso r  would b e g i n  t o  g i v e  a s i g n a l  as the rocket ascended through the 
t h e o r e t i c a l  earth shadow a l t i t u d e  and k70uld end as the rocket  descended 
th rough  the  co r re spond ing  a l t i t ude . .  In  p rac t i ce  it i s  found t h a t  t h e  s e n s o r  
does not  general ly  give a s i g n a l  u n t i l  t h e  r o c k e t  i s  considerably above the 
shadow l i n e .  
The d a t a  from the f l i g h t s  o f  Nike Apaches 14.145, 14.147, and 14.148 i s  
summarized in  Tab le  9. The t h e o r e t i c a l  e a r t h  shodow he ight  i s  represented  
by h = 0 km. The f i r s t  and t h i r d  f l i g h t s  show c l e a r l y  t h a t  t h e  effective 
shadow h e i g h t  f o r  t h e  v i s i b l e  p a r t  of t he  so l a r  spec t rum i s  obta ined  when 
a v a l u e  f o r  t h e  earth's r a d i u s  of about 18 km g r e a t e r  t h a n  the a c t u a l  r a d i u s  
i s  used. This conclusion i s  suppor ted  by  the  ascent  da ta  for  14 .147 ,  bu t  
t he  descen t  da t a  imp l i e s  no s ign i f i can t  a t t enua t ion  by  the  ea r th l s  a tmosphe re .  
A t r a j e c t o r y  e r r o r  is  s u s p e c t e d  i n  t h i s  case. 
The importance of these semi -quan t i t a t ive  f igu res  i s  t h a t  t h e y  show t h a t  
ana lys i s  of  the r o l e   o f   s o l a r   v i s i b l e   r a d i a t i o n  i n  photodetachment in  the D 
r eg ion  must r ecogn ize  tha t  t he re  i s  an  effective shadow height below which 
t h e  r a d i a t i o n  i s  a t tenuated .  This  shadow i s  presumably  caused  by  atmospheric 
haze, and i t s  e f f e c t  c a n  be expec ted  to  be variable. 
Effect  of  Vehicle  Motion on 
The va r i a t ion  o f  p robe  cu r ren t  show two 
motion. The f irst  i s  a slow va r i a t ion  hav ing  
the  precess ion  cone ,  and the second i s  a much 
same f r equency  a s  the  veh ic l e  sp in  r a t e .  The 
Probe Current 
e f f e c t s  a t t r i b u t a b l e  t o  v e h i c l e  
a p e r i o d i c i t y  e q u a l  t o  t h a t  o f  
more r ap id  va r i a t ion  hav ing  the  
most pronounced case of variation 
a t  t h e  s101.7 ra t e  occur red  on t h e  f l i g h t  of  Nike Apache 14.146. The probe cur- 
r e n t  a s  a func t ion  of  time i s  shown i n  F i g u r e  22, which a l s o  shows the magnet ic  
aspect  angle  ( i .e . ,  the  angle  between the rocket  axis  and the magnetic f i e l d )  
obtained from the magnetic aspect sensor.  The v a r i a t i o n  i n  p r o b e  c u r r e n t  
s h o ~ s  a c l e a r l y  marked dependence on magnet ic  aspect  maxima and minima of 
probe current  coinciding with maxima and  minima  of a spec t  ang le .  Tha t  t h i s  
v a r i a t i o n  of probe  cur ren t  i s  not due t o  s t r u c t u r a l  f e a t u r e s  of the ionosphere 
i s  ind ica t ed  by comparison of the ascending and descending records:  the minima 
show no r e l a t i o n  t o  a l t i t u d e .  
The ac tua l  re la t ion  be tween cur ren t  and  aspec t  angle  can  be  obta ined  f rom 
the i n t e r v a l  200 t o  225 seconds  a f t e r  l aunch  i f  t he  r easonab le  a s sumpt ion  
i s  made t h a t  the change i n  e l e c t r o n  d e n s i t y  i n  this 0.5, lan height  range  is 
neg l ig ib l e .  The r e s u l t i n g  p r o b e  a s p e c t  x a r i a t i o n  i s  shown i n  F i g u r e  23. The 
v a r i a t i o n  f o r  a s p e c t  a n g l e s  less than  20  shows similar v a r i a t i o n  t o  t h a t  of 
t he  p ro jec t ed  area of the probe. This impl ies  that  the e f f e c t i v e  area of the 
p robe  fo r  co l l ec t ion  o f  e l ec t rons  i s  n e a r l y  e q u a l  t o  t h e  c r o s s - s e c t i o n  p e r -  
pend icu la r  t o  the  magne t i c  f i e ld .  
The aspect  dependence of  the probe current  a lso provides  a poss ib le  ex-  
p l ana t ion  of t h e  small r ipp le  which  i s  synchronous with the vehicle s p i n  i f  
it i s  p o s t u l a t e d  t h a t  the vehicle has  a "wobble"; that i s ,  the s p i n  axis does 
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Table  9: Summary of Ea r th  Shadow Data 
Nike Apache 14.145 (morning) 
S igna l  appears  on ascent  a t  z = 53 .3  km, h = 18.7 km 
Signal  d i sappears  on descent  a t  z = 32.2 km, h = 17.8 km 
Nike Apache 14.147  (morning) 
P a r t i a l  s i g n a l  a p p e a r s  on a scen t  a t  z = 36.0 km, h = 0.7 km 
Ful l  s igna l  appea r s  on ascent  a t  z = 50.0 km, h = 19.6 km 
F u l l  s i g n a l  d i s a p p e a r s  on descent  a t  z = 15.8 km, h =-1.7 km 
P a r t i a l  s i g n a l  d i s a p p e a r s  on descent  a t  z = 12.7 km, h = -4.5 km 
Nike Apache 14.148  (evening) 
S igna l  p re sen t  when doors open a t  z = 40.2 km, h = 26.8 km 
Signal  d i sappears  on descent  at z = 46.0 km, h = 16.7 h. 
z = r o c k e t  a l t i t u d e  
h = minimum r a y   h e i g h t  
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Figure 23.  Aspect s e n s i t i v i t y  of nose t i p  e lec t rode .  
no t  co inc ide  w i t h  t h e  a x i s  of  symmetry  of t h e  v e h i c l e .  I n  t h e  case of  Nike 
Apache 14.146, the relative ampl i tgde  of  the  cur ren t  var ia t ion  a t  t h e  s p i n  
frequency varies between 7.0% a t  4 aspect angle and 2.1% a t  24O aspect  angle .  
These  values are cons i s t an t   w i th  a 2 "wobble" i.e., t h e   s p i n   a x i s  is  1 from 
the  ax i s  o f  symmetry. An i l l u s t r a t i o n  o f  t h i s  m o t i o n  i s  g iven  in  F igu re  24. 
Mot ion  of  th i s  type  has been observed gefore,  as f o r  example Nike Apache 14.94 
where so l a r  a spec t  s enso r s  showed a 10  wobble  motion. 
0 0 
The appa ren t  s ens i t i v i ty  o f  t he  con ica l  shaped  e l ec t rode  to  rocke t  aspect 
angle which had been  suspec ted  in  prev ious  f l igh ts  became obvious i n  t h e  
f l i g h t  of  Nike Apache 14.146. In subsequent   f l igh ts   the   shape  of t he  e l ec t rode  
was changed to  an  ogive  having  a p ro jec t ed  area which i s  less s e n s i t i v e  t o  
rocke t  angle .  The l i m i t e d  d a t a  so f a r  ava i l ab le  conf i rm the  r educed  sens i t i v i ty  
t o  v e h i c l e  a s p e c t  a n g l e .  Data from  Nike  Apaches  14.148  and  14.149 are p l o t t e d  
i n  F i g u r e  23. The ampl i tude  of  the  r ipp le  i n  the  probe  cur ren t  on Nike Apache 
14.148 remains about constant in amplitude a t  5% as the magnetic aspect angle  
changes  from 8 t o  20 near   appgee ,   ind ica t ing  a l i n e a r  r e l a t i o n  between  probe 
c u r r e n t  and  angle  over this range  of  angle. On t h e  b a s i s  of t h e  d a t a  shown 
in  F igu re  23 ,  t h ig  cou ld  be  exp la ined  by  a large but  not  unreasonable  wobble 
motion  of  about 8 . The r i p p l e  i n  t h e  p r o b e  c u g r e n t  os Nike Apache 14.147 was 
also  constant   over   the  range  of   aspect   angle  (8 t o  29 ) ,  b u t  t h e  r e l a t i v e l y  
large ampli tude of  35% is d i f f i c u l t  t o  e x p l a i n  i n  terms of rocket  motion. It 
should be remembered t h a t  t h i s  r o c k e t  was launched a t  the  unusual ly  low e l eva -  
t i o n  of 70° (effect ive)  and the apogee w a s  117 km. 
0 0 
The exper ience  of  these  f l igh ts  proves  more d i r e c t l y  t h a n  p r e v i o u s l y  t h a t  
the  mot ion  of  e lec t rons  in  the  ionosphere  is  s t rongly  inf luepced  by t h e  mag- 
n e t i c  f i e l d ,  a f a c t  which i s  t o  be expected on theoret ical  grounds but  which 
has  s o  f a r  been  ignored  in  the  ana lys i s  of probe measurements based on 
Langmuir's  work. It i s  a l s o  i n d i c a t e d  t h a t  t h e  e f f e c t i v e  area of the  probe 
i s  t o  b e  t a k e n  as the  c ross -sec t ion  presented  to  the  magnet ic  f ie ld .  This  
i s  c l o s e  t o  6 cm2 f o r  t h e  o g i v a l  e l e c t r o d e  compared w i t h  i t s  t o t a l  s u r f a c e  
area of 22 cm2.  The su r face  area o f  t he  con ica l  e l ec t rode  was 67 cm2,  and 
i t s  c ross - sec t iona l  area va r i ed  from 6 cm2 wi th  the  rocke t  ax i s  a long  the  
magne t i c  f i e ld  (Oo aspec t  ang le )  t o  19  cm2 w i t h  t h e  r o c k e t  t r a n s v e r s e  t o  t h e  
magne t i c  f i e ld  (90° aspec t  angle) .  
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F i g u r e  24. Poss ib l e  notion of rocket axis, Nike Apache 14.146. 
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ELECTRON  DENSITY  PROFILES 
Nike Apache 14.143 was launched from Wallops Island on the afternoon 
of 15 A p r i l  1964 a t  a s o l a r  z e n i t h  a n g l e  of 610. The p r o f i l e s  of probe 
c u r r e n t  o b t a i n e d  f r o m  t h e  n o s e  t i p  p r o b e  o n  t h i s  f l i g h t  are  shown i n  
F igu re  25. The lower l i m i t  i s  determined by t h e  s e n s i t i v i t y  of t h e  
instrument  and the probe current  exceeded this  value (5 x 10-11 amp) a t  
a l t i t u d e s   a b o v e  50 km. The probe   cur ren t   reached   fu l l  scale ( 2  x amp) 
a t  a n  a l t i t u d e  of 150 km. 
The main layers  of  the lower ionosphere can be i d e n t i f i e d  c l e a r l y  i n  
t h i s  p r o f i l e .  The C-layer i s  discernible  between 50 and  66 km and the  
D-layer  between  66  and 84 km. The E-layer  peak i s  s e e n  t o  o c c u r  a t  111 lun. 
A shal low val ley occurs  above the E-layer .  
The lower s i d e  of the  E- layer  shows a n  i n t e r e s t i n g  d e t a i l e d  s t r u c t u r e .  
A sec t ion  o f  t he  o r ig ina l  t e l eme t ry  r eco rd  fo r  a scen t  i s  reproduced i n  
Figure 26;  the dashed l ine has  no theo re t i ca l  s ign i f i cance  bu t  has  been  
added t o  emphas ize   t he   i r r egu la r i t i e s .  Up t o  84 km, the   record  shows a 
c h a r a c t e r i s t i c a l l y  smooth p r o f i l e .  From 84 t o  9 2  km, t h e  p r o f i l e  shows 
a "g ranu la r "  s t ruc tu re  in  wh ich  f ine  va r i a t ions  are  v i s i b l e  down to a 
v e r t i c a l  r e s o l u t i o n  o f  100 m. Above 92 km, these  g ranu la t ions  are  not  
p re sen t ,  bu t  o the r  s t ruc tu ra l  f ea tu re s  hav ing  ve r t i ca l  d imens ions  o f  t he  
order  of  1 km are  seen. The peak a t  96 km i s  a l so  p re sen t  on  the  descen t  
p r o f i l e  and i s  i d  n t i f i e d  a s  a small   sporadic   E-layer .  The peak  e lectron 
d e n s i t y  ( 3 . 4  x 10' c m - 3 )  i n  t h i s  l a y e r  i s  smaller than the E-layer  peak 
e l e c t r o n  d e n s i t y  (8 .4  x LO4 ~ m - ~ )  which would account for the absence of an 
E echo  on  the  ionosonde  record.  The t o t a l   t h i c k n e s s   o f   t h e   l a y e r  i s  1.8 km, 
and the  peak  e l ec t ron  dens f ty  exceeds  the  in t e rpo la t ed  va lue  a t  t ha t  he igh t  
( i . e . ,  co r re spond ing  to  the  po in t  on the  dashed  l ine)  by a f a c t o r  of 1 . 7 .  
The small bump a t  the peak of the E-layer  has  a peak  e lec t ron  dens i ty  only  
6% above the adjacent  region.  It  has  a t o t a l  v e r t i c a l  e x t e n t  o f  1.5 km and 
i s  not  seen  on  the  descent  prof i le .  
S 
The p resence  o f  t hese  f ea tu res  on  the  e l ec t ron  dens i ty  p ro f i l e  i n  the  
he ight  range  84 t o  112 km, having  ver t ica l  d imens ions  small  compared wi th  
t h e  scale he ight  of  about  6 km, have  impor tan t  impl ica t ions  in  terms of 
photochemical   equi l ibr ium  in   the  lower  ionosphere.  One source of such 
i r r e g u l a r i t i e s  t h a t  h a s  b e e n  c o n s i d e r e d  a s  a n  e x p l a n a t i o n  o f  S p o r a d i c  E - l a y e r s  
i s  t h e  a c t i o n  of wind shears .  [3]  Also  to  be  cons idered  i s  t h e  p o s s i b i l i t y  
of the  presence  of e a s i l y  i o n i z a b l e  c o n s t i t u e n t s  whose v e r t i c a l  d i s t r i b u t i o n  
does  not  conform  with  that  of  the  major  gases.  For  example,  the  presence  of 
sodium in  th i s  he igh t  r ange  has  been  e s t ab l i shed  by  pho tomet r i c  and mass 
spec t romet r ic  observa t ions .  
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Figure 26. Telemetry  record for Nike  Apache 14.143. 
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There can be very l i t t l e  d o u b t  t h a t  d u r i n g  q u i e t  s o l a r  c o n d i t i o n s  t h e  
ion iza t ion  o f  NO by Lyman-Q: radiat ion produces the D-layer ,  with a peak 
i n  t h i s  case a t  82 km. [ 4 ]  The s u b s e q u e n t  f l i g h t s  i n  t h e  IQSY series 
suppor t  t he  in t e rp re t a t ion  o f  t he  C- l aye r  w i th  i t s  peak at. about 65 km as  
b e i n g  t h e  combined a c t i o n  of two processes:   ionizat ion  by  cosmic  rays  
and photodetachment  f rom negat ive ions by solar  radiat ion in  the wavelength 
range 1800 t o  29002. 
The exact i d e n t i f i c a t i o n  o f  t h e  s o l a r  r a d i a t i o n  r e s p o n s i b l e  f o r  t h e  
ionosphe re  in  the  E reg ion  ( 9 0  t o  160 km) i s  s t i l l  no t  e s t ab l i shed  a l though  
r e c e n t  s o l a r  e c l i p s e  d a t a  [ 5 ]  poin t   to   X-rays  as a n  i m p o r t a n t  f a c t o r  i n  t h e  
lower  par t  o f  the  reg ion .  
The fu r the r  i nves t iga t ion  o f  t he  fo rma t ion  o f  t he  ionosphe r i c  l aye r s  
of t h e  D and E reg ions  was the  p r inc ipa l  f ac to r  i n  de t e rmin ing  the  l aunch  
times of the  subsequent  rocke ts  in  the  program.  
Nike  Apaches 14.144, 14.145 and 14.146 were launched  from  Wallops  Island 
on  the  morning  of 15 J u l y  1964. The launch times were s e l e c t e d  so  as  t o  
show the  in i t i a l  s t age  o f  fo rma t ion  o f  t he  day t ime  D and E reg ions .  The 
f i r s t  was launched a t  0300 EST a t  a so l a r  zen i th  ang le  o f  1080. The 
t r a j e c t o r y  o f  t h e  r o c k e t  was comple t e ly  wi th in  the  ea r th  shadow - - 316 km 
a t  launch time. The nex t  f l i gh t  fo l lowed  a t  0420 EST a t  a s o l a r  z e n i t h  a n g l e  
of 96'. A t  launch time t h e   e a r t h ' s  shadow he igh t  was a t  35 km. The f i n a l  
rocke t  of  the  series was launched a t  0525 EST when t h e  s o l a r  z e n i t h  a n g l e  
was 85'. 
The p ro f i l e s  ob ta ined  f rom the  nose  t i p  p robe  are shown i n  F i g u r e  27. 
A l l  a s c e n t  p r o f i l e s  are  shown, bu t  on ly  one  descen t  p ro f i l e ,  t ha t  o f  14.145,  
s ince  only  th i s  one  sh0wed.a  s ign i f icant  d i f fe rence  f rom the  cor responding  
a s c e n t   p r o f i l e .  The p r o f i l e  f o r  14.146 has  been  corrected  for   magnet ic  
aspec t  angle .  
The f i rs t  p r o f i l e  i s  cha rac t e r i zed  by  two la rge  peaks  of e l e c t r o n  d e n s i t y ,  
the  lower a t  95 km and  the  upper a t  119 km. Away from these  peaks  the 
e l ec t ron   dens i ty   f a l l s   t o   sma l l   va lues .   Reasonab le   e s t ima tes   o f   e l ec t ron  
d e n s i t y  a t  t he  p rev ious  sunse t  l ead  to  va lues  o f  r ecombina t ion  coe f f i c i en t  
g rea t e r   t han  1 x cm3 sec- l  a t  heights  above 130 km bu t  smaller va lues  
below. E c l i p s e  d a t a  show t h a t  t h e  loss p r o c e s s  i n  d a y t i m e  r e q u i r e s  t h a t  
a 3 1 x cm3 sec-l  i n   t h e  lower E reg ion .  However the   observed   s t ruc ture  
between 90 and 130 km i s  not  compat ible  with a s i n g l e  model of destruction 
o f  e l ec t rons  by recombination and c a n  b e  i n t e r p r e t e d  e i t h e r  as: (a )   the   va lue  
of a decreases  as  the  e lec t ron  dens i ty  decreases  because  of  changing  ion  
spectrum  or  as  (b)  a n ight t ime  source   o f   ion iza t ion .   There  i s  not  enough 
i n f o r m a t i o n  a v a i l a b l e  t o  d i f f e r e n t i a t e  b e t w e e n  t h e s e  two i n t e r p r e t a t i o n s .  
The  two peaks of i o n i z a t i o n  a re  s t i l l  c l e a r l y  r e c o g n i z a b l e  80 minutes l a t e r  
a t  t h e  time of the  next  rocke t  f l igh t ,  a l though the  he ights  of  the  upper  
peak has decreased by about  4 km. 
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Figure 27. Ascent and descent profiles. 
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Nike Apache  14.147 was launched from Wallops Island near sunrise a t  a 
so l a r  zen i th  ' ang le  o f  96O on 10 November 1964.  The low t r a j e c t o r y  was 
s e l e c t e d ,  i n  p a r t ,  t o  a l l o w  o b s e r v a t i o n  o f  t h e  h o r i z o n t a l  s t r u c t u r e  o f  t h e  
ionosphere a t  t h i s  a l t i t u d e  a n d ,  i n  p a r t ,  t o  a l l o w  a t e s t  o f  t he  t e l eme t ry  
and o t h e r  f a c i l i t i e s  o f  t h e  M o b i l e  Range USNS Croatan which was loca ted  
approximately  under   the  apogee  point   of   the   t ra jectory.   Nike Apache 14.148 
was launched from the Mobile Range USNS Croatan,  off  Wallops Is land on 
19 November 1964,  near  sunset a t  a so l a r   zen i th   ang le   o f  94'. The launch 
times of  these  vehic les  a l lowed fur ther  observa t ion  of  the  change  in  e lec t ron  
d e n s i t y  a t  t w i l i g h t .  Nike  Apache  14.149 was launched  from  Wallops  Island 
a t  a solar zenith angle of 760 on 19  November 1964. 
Nike  Apache  14.147 i s  t h e  . f i r s t  p a y l o a d  o f  t h e  IQSY ser ies  to  have  the  
ogival   nose  e lectrode  i 'n   place of t h e  c o n i c a l  e l e c t r o d e .  The reduced 
s e n s i t i v i t y  o f  p r o b e  c u r r e n t  t o  v e h i c l e  a s p e c t  i s  immediately apparent i n  
F igure  28, w h i c h  g i v e s  t h e  p r o b e  c u r r e n t  p r o f i l e s .  I n  s p i t e  o f  a moderate 
precession cone (about 220 inc lude  angle)  no r e l a t e d  v a r i a t i o n  i n  p r o b e  
c u r r e n t  i s  seen.   This  was confirmed i n   t h e  two succeed ing   f l i gh t s .   N ike  
Apache  14.147 e x h i b i t e d  t h e  c h a r a c t e r i s t i c  i r r e g u l a r  s t r u c t u r e  o f  t h e  
n ight t ime E region with the presence of  a sporadic  E- layer  occurr ing  a t  
a n  a l t i t u d e  of 101 km. The p robe  cu r ren t  p ro f i l e s  fo r  N ike  Apache 14.148 
and  14.149 are  shown i n  F i g u r e s  29 and 30. These  p ro f i l e s  show t h a t  below 
80 h the  decay  of  e lec t ron  dens i ty  a t  sunse t  i s  a s  rapid as  the development  
a t  sunr i se ,  wi th  the  zeni th  angles  cor responding  to  the  ea r l i e r  f l i g h t s  
t o  w i t h i n  a few ten ths  of  a degree.  The i r r e g u l a r  s t r u c t u r e  u s u a l l y  a s s o c i a t e d  
with the night t ime'  E r eg ion  i s  already observed a t  76O z e n i t h  a n g l e  i n  
Nike  Apache  14.149 fo r   t he   r eg ion   90  - 100 km. Some o f  t h e s e  i r r e g u l a r i t i e s  
a re  observed  on both  ascent  and  descent ,  ind ica t ing  a ho r i zon ta l  ex ten t  o f  
a t  least  90 km. 
A paper presented a t  t h i s  COSPAR confe rence  in  Buenos Aires, May 19.65, 
discusses  the observat ions of  the lowest  ionosphere a t  s u n r i s e  and sunse t  
from  three  (14.144-14.146)flights. The paper i s  inc luded   a s  Appendix B 
i n  t h i s  r e p o r t .  
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Figure 28. Probe  current  profiles,  Nike Apache 14.147. 
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Figure  29.  Probe c u r r e n t   p r o f i l e ,   N i k e  Apache 14.148. 
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Figure 30. Probe current profiles, Nike  Apache 14.149. 
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POSITIVE I O N  CURRENT  PROFILES 
Pos i t i ve  ion  cu r ren t  p ro f i l e s  a re  ob ta ined  f rom measuremen t s  o f  t he  p robe  
c u r r e n t  a t  t h e  s t a r t  of t h e  Langmuir  probe sweep when t h e  p o t e n t i a l  i s  -2.7 
vo l t s .  S ince  the  sweep i s  programmed a t  2 -sec   in te rva ls   no   observa t ions  of t h e  
f i n e  s t r u c t u r e  of  the  prof i le  can  be  obta ined .  On Nike Apache 14.144  an  addi- 
t i o n a l  measurement  of t h e  p o s i t i v e  i o n  c u r r e n t  p r o f i l e  i s  avai lable  f rom a 
sphe r i ca l  e l ec t rode  b i a sed  a t  -22 .5  vo l t s .  
Figure 31 shows the  pos i t ive  ion  cur ren t  prof i le  for  14 .144  obta ined  f rom 
the  spher ica l  p robe .  Comparison wi th  F igure  27 ,  which  g ives  the  e lec t ron  cur -  
r e n t  p r o f i l e  f o r  14.144, shows t h e  same gene ra l  s t ruc tu ra l  f ea tu re s  above  
about 80 km. The p o s i t i v e  i o n  c u r r e n t  and e l e c t r o n  c u r r e n t  a r e  n o t  p r o p o r -  
t i ona l .  S ince  i t  has   been   ver i f ied   exper imenta l ly   tha t   the   e lec t ron   cur ren t  
measured  by t h e  DC probe i s  p r o p o r t i o n a l  t o  t h e  e l e c t r o n  d e n s i t y  i n  t h i s  a l t i -  
t ude  r eg ime ,  t he  e l ec t ron  cu r ren t  p ro f i l e  may be considered an accurate  repre-  
s e n t a t i o n  of t h e  e l e c t r o n  d e n s i t y  p r o f i l e .  
An e x p l a n a t i o n  f o r  t h e  d i s t o r t i o n  i n  p o s i t i v e  i o n  c u r r e n t  a t  t h e  h i g h e r  
a l t i tudes  can  be  expla ined  in  te rms  of  the  rocke t  mot ion .  S ince  the  mean velo- 
c i t y  o f  t h e  p o s i t i v e  i o n s  i s  much l e s s  t h a n  t h e  r o c k e t  v e l o c i t y ,  t h e  c o l l e c t i o n  
of  posi t ive ions depends on r o c k e t  v e l o c i t y  b e i n g  l e s s  a t  l o w e r  v e l o c i t i e s .  
Therefore  near  the  top  of  the  t ra jec tory  where  the  ver t ica l  component of  the 
r o c k e t  v e l o c i t y  i s  smal l ,  the  co l lec t ion  of  pos i t ive  ions  should  be  reduced ,  
a s  i s  observed. 
The l a r g e  p o s i t i v e  i o n  c u r r e n t s  compared t o  lower  e lec t ron  cur ren ts  obser -  
ved below about 80 km may ind ica t e  the  p re sence  o f  nega t ive  ions  in  s ign i f i can t  
numbers.  That i s ,  t h e  e l e c t r o n  d e n s i t y  i s  s i g n i f i c a n t l y  less  than   t he   pos i t i ve  
i o n  d e n s i t y  a s  a resu l t  o f  the  a t tachment  of  a l a r g e  f r a c t i o n  o f  e l e c t r o n s  
t o  n e u t r a l s  a t  low a l t i t u d e s .  One theo re t i ca l   e s t ima te   [6 ]   conc ludes   t ha t   t he  
r a t i o  o f  n e g a t i v e  i o n s  t o  e l e c t r o n s  a t  85 km i s  1 5  t o  1 a t  n i g h t .  The negat ive 
ions  would not  be  measured  as  e f f ic ien t ly  as  the  e lec t rons  by the probe because 
of  their  lower mobil i ty .  
P l o t s  o f  p o s i t i v e  i o n  c u r r e n t  a t  - 2 . 7  v o l t s  a g a i n s t  e l e c t r o n  c u r r e n t  a t  
+2.7 v o l t s  a r e  shown i n  F i g u r e s  32-38 f o r  Nike Apache f l ights  14.143-14.149.  
The same gene ra l  f ea tu re s  occur  wi th  r e spec t  t o  e l ec t ron  dens i ty  tha t  a r e  ob- 
served  with  the  spherical   probe.  The s h a p e   d i s c o n t i n u i t i e s   i n   t h e s e   f i g u r e s  
a re  not  cons idered  s igni f icant  s ince  the  measurement  of e l e c t r o n  and p o s i t i v e  
i o n  c u r r e n t s  were no t  made a t  p r e c i s e l y  t h e  same time. Figures  33 and 36 show 
one i n t e r e s t i n g  f e a t u r e :  a t  low a l t i t u d e s  t h e  p o s i t i v e  i o n  c u r r e n t  i s  s l i g h t l y  
g rea t e r  t han  the  e l ec t ron  cu r ren t .  Because  o f  t he  low ef f ic iency   of   measur ing  
pos i t i ve  ions ,  t h i s  approx ima te  equa l i ty  o f  cu r ren t s  i s  f e l t  t o  be  r e l a t ed  aga in  
t o  n e g a t i v e  i o n s  i n  s i g n i f i c a n t  numbers which would have about the same mobi- 
l i t y  a s  t h e  p o s i t i v e  i o n s .  F o r  14.146  below  about 60 km t h e  r a t i o  o f  n e g a t i v e  
i o n s  t o  e l e c t r o n s  i s  s igni f icant ly   g rea te r   than   un i ty .   For   14 .144 ,   for   which  
the  zen i th  ang le  i s  l a r g e r ,  t h i s  t r a n s i t i o n  r e g i o n  i s  observed  below  about 80 km. 
Th i s  f ea tu re  i s  not  observed  in  the  o ther  f igures  because  the  threshold  for  
measur ing  the  pos i t ive  ion  cur ren t  d i d  n o t  e x t e n d  t o  s u f f i c i e n t l y  low a l t i t u d e s .  
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ELECTRON TEMPERATURE DATA 
Analysis of the Langmuir  probe current-vol tage character is t ic  has  provided 
temperature  data  above 90 km f o r  Nike Apache f l igh ts  14 .143/4 /5 /6 .  Some gaps 
o c c u r  i n  t h i s  d a t a  b e c a u s e  of scatter in  the  p robe  cu r ren t  va lues .  The 
h i g h l y  i r r e g u l a r  s t r u c t u r e  of the  n ight t ime E r e g i o n  e l e c t r o n  d e n s i t i e s  is  a 
ma jo r  l imi t ing  f ac to r  i n  ob ta in ing  t empera tu re  da t a  fo r  t hese  f l i gh t s .  The 
usab le  da t a  is  p l o t t e d  i n  F i g u r e s  39 through 42  and the  e s t ima ted  unce r t a in ty  
i s  + 100°K. Also shown for  comparison i s  t h e  n e u t r a l  par t ic le  temperature 
p r o f i l e s  as given by the U. S. Standard  Atmosphere,  1962. 
Nike Apache f l i g h t s  14.143/4 show f a i r l y  good agreement wi th  the  s t anda rd  
atmosphere  values,   except at lower   a l t i t udes .  The temperature   values   for  
Nike Apache f l i gh t s  14 .145 /6  a re  g rea t e r  t han  those  of the standard atmosphere 
a t  high  a l t i tudes.   Theory  [71  indicates   that   below  about  140 km t h e  e l e c t r o n  
and neutral  gas  temperatures  are the  same, bu t  t ha t  t he  e l ec t ron  t empera tu re  
w i l l  s ign i f icant ly  exceed  the  neut ra l  gas  tempera ture  a t  h ighe r  a l t i t udes .  
Thus  below  140 km the disagreement of the electron temperature data with the 
standard atmosphere may be  cons idered  representa t ive  of t he  dev ia t ion  of t he  
a c t u a l  atmosphege  from t h e  model. A t  100 km the  standard  atmosphege i s  seen 
to  be  abou t  200 K too  low i n  t h e  a f t e r n o o n  of 16 April  and 300-400 K. t oo  low 
a t  dawn on 15   Ju ly .  
For  the  quant i ta t ive  compar isons  be tween the  d i f fe ren t  f l igh ts ,  the  da ta  
i s  averaged  over 10 km i n t e r v a l s .  I f  less than  fou r  da t a  po in t s  a r e  ava i l ab le  
i n  a g i v e n  i n t e r v a l ,  t h e y  are c o n s i d e r e d  u n r e l i a b l e  s t a t i s t i c a l l y  and the re -  
fore  d iscarded .  The r e s u l t s  f o r  t h e  f o u r  f l i g h t s  are p l o t t e d  i n  F i g u r e  4 3 .  
The d a t a  of Nike Apache 14.145 and 14.146 are s e e n  t o  a g r e e  t o  w i t h i n  t h e  
estimated experimental  error; ,  however,  the temperature for Nike Apache 14.144 
is  s i g n i f i c a n t l y  l o w e r  a t  120 km but  not a t  100 km. Since  the  ea r th ' s  shadow 
p r e v e n t s  t h i s  a l t i t u d e  r e g i o n  from being i l luminated by the sun for Nike 
Apache 14.144  (shadow he ight  = 320 km) and al lows this  region to  be i l luminated 
f o r  t h e  two la te r  f l i g h t s ,  i t  i s  r e a s o n a b l e  t o  r e l a t e  t h e  s i g n i f i c a n t  t e m p e r a -  
t u r e  i n c r e a s e  of  almost 300 a t  120 km t o  t h e  v i s i b l e  and i n f r a r e d  r a d i a t i o n  
p e n e t r a t i n g  t h i s  r e g i o n .  The change i n  t h e  a t t e n u a t i o n  of t h i s  r a d i a t i o n  
between  Nike Apache 14.145 (X = 95O) and  Nike Apache 14.146 (X = 84O) i s  small 
compared to  the  u l t r av io l e t  r ad ia t ion ,  wh ich  inc reases  cons ide rab ly  bu t  wh ich  
does not produce a s ignif icant  temperature  change.  
0 
The averaged temperature  data  for  Nike Apache 14.143 (X = 60°) i s  s e e n  t o  
b e  s i g n i f i c a n t l y  less t h a n  t h a t  f o r  Nike Apache 14.145/6.   This   difference 
cannot   be  re la ted  to   geomagnet ic   condi t ions as the  index was 9 on Apri l   16 
and only 2 on J u l y  15. Considerably more observa t ions  a t  * h e s e  a l t i t u d e s  are 
requi red  before  the  d i f fe rences  observed  may b e  r e l a t e d  t o  s e a s o n a l  a n d  
d i u r n a l  e f f e c t s .  
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PHOTOEMISSION DATA 
I n  Nike Apache f l i g h t s  14.145  and  14.146, t h e  p o l a r i t y  f o r  t h e  u l t r a v i o l e t  
i on  chambers w a s  such that t h e  c e n t e r  p i n  (see Figure  11) served as t h e  anode. 
This  geometry al lowed electrons to  be photoemit ted from the gold-plated cathode 
for  sui table  non-zero aspect  angles ,  especial ly  for  the p-xylene ion chambers  
w i t h  l a r g e r  a p e r t u r e  windows. F o r  t h i s  s i t u a t i o n  t h e  u s u a l  i o n  chamber response 
band of 1425 - 14802 is  no t  app l i cab le  : t h e  low wavelen th  response  remains  a t  
14252, but  higher  wavelengths  (up to  about  2500 t o  2600 s ) which are u n a b l e  t o  
ionize  p-xylene,  are capable  of photoemitt ing  electrons  from  gold.   Although 
t h i s  e f f e c t  was no t  an t i c ipa t ed ,  t he  pho toemiss ion  cu r ren t  p ro f i l e s  are c l e a r l y  
r ecogn ized  by  the  f ac t  t ha t  t he  a l t i t ude  o f  un i t  op t i ca l  dep th  is  obse rved  to  
be  in  the  lower  D r eg ion  r a the r  t han  the  E region.  It i s  found tha t  thes .e  
p r o f i l e s  are r e l a t e d  t o  t h e  ozone  d is t r ibu t ion .  
The photoemission current profiles obtained from the ion chambers during 
ascent  i s  p l o t t e d  as a func t ion  o f  r o c k e t  a l t i t u d e  i n  F i g u r e  44 f o r  Nike 
Apache14.145  and Figure  45  for  Nike Apache 14.146. The so ia r  zen i th  ang le  
during  ascent  a t  t hese   he igh t s  i s  i n   t h e   r a n g e  95.70  .06  and  84.67 f .07 , 
respec t ive ly .   These   cur ren t   p rof i les   represent   the   e f fec t ive   a tmospher ic  
a t t enua t ion  o f  t he  so l a r  r ad ia t ion  r e spons ib l e  fo r  t he  pho toemiss ion ;  t he re -  
f o r e ,  t h e y  r e f l e c t  t h e  d i s t r i b u t i o n  o f  one o r  more a tmospher ic  cons t i tuents .  
For  the case of an ion chamber having a s u f f i c i e n t l y  narrow band pass for 
which e i t h e r  t h e  e f f e c t i v e  c r o s s  s e c t i o n  of the atmosphere i s  p r a c t i c a l l y  
c o n s t a n t  o r  t h e r e  is  only one s i g n i f i c a n t  s o l a r  e m i s s i o n  l i n e ,  t h e  o u t p u t  
c u r r e n t  w i l l  be  propor t iona l  to  the  photon  f lux  inc ident  on the ion chamber. 
Then it can be shown t h a t  f o r  a s ing le  abso rb ing  cons t i t uen t  
1 1 dI(h)  
F I ( h )  dh n(h) .o  = - - ¶ 
where  n(h) is  the  number d e n s i t y  of the  absorber ,  (T is i t s  absorp t ion  c ross  
s e c t i o n ,  F i s  t h e  o p t i c a l  d e p t h  f a c t o r ,  I ( h )  i s  the  ion  chamber output  
current  ( f rom photoemission or  photoionizat ion) ,  and h r ep resen t s  t he  rocke t  
p o s i t i o n  i f  t h e  s o l a r  z e n i t h  a n g l e  X < n/2 and the dis tance of c l o s e s t  
approach  to  the  ear th  of  the  ray  pa th  Tf X ,> n/2 .  For  the wide bandpass  this  
i on  chamber presents  for  photoemission,  the current  output  is  not  propor t iona l  
t o  t h e  photon  f lux  over  the  en t i re  a l t i tude  reg ime of  the  measurements .  By 
v i r t u e  of t h e  selective (wavelength dependent)  absorpt ion of  the per t inent  
r a d i a t i o n ,  t h e  above  formula i s  no t  app l i cab le  un le s s  (3 i s  now considered an 
e f fec t ive  c ross  sec t ion  which  depends  on a l t i t u d e .  
A p lo t  o f  t he  quan t i ty  nu  aga ins t  h a t  2 km i n t e r v a l s  as obtained from 
t h e  d a t a  of Figures  44 and  45 is  shown i n  F i g u r e  4 6 .  It is  s e e n  t h a t  t h e  
d a t a  from t h e  two r o c k e t  f l i g h t s  a g r e e s  w e l l  i n  t he  ove r l ap  r eg ion  58  to 66 la. 
It shou ld  be  no ted  tha t  t he  da t a  fo r  f l i gh t  Nike Apache 14.145 is r e f e r r e d  t o  
t h e  d i s t a n c e  of c loses t  approach  o f  t he  r ad ia t ion  to  the  ea r th  r a the r  t han  the  
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ac tua l  rocke t  pos i t ion  which  is some 30 km higher .  The da ta  fo r  14 .145  r s f e r s  
t o  a region centered about 640 km from Wallops Island on an aximuth of 5 7  
and i s  therefore  c lose  to  Nantucket  I s land .  
I n  t h e  a l t i t u d e  r a n g e  5 6  t o  78 km, t h e  d a t a  from b o t h  f l i g h t s  f i t s  w e l l  
the  average  sca le  he ight  value of  5.8 km. The a l t i t u d e s  of u n i t  o p t i c a l  
depth are observed to be 53 km f o r  Nike Apache 14.146 and 66 km f o r  Nike 
Apache  14.145. This low a l t i t u d e  e x c l u d e s  t h e  p o s s i b i l i t y  o f  u l t r a v i o l e t  
radiation between 1425 and 1800% from being influential .  Thus t h e  p e r t i n e n t  
wavelengths are in  the  approximate  range  1800 to  2500-2600(A. It can  be 
assumed t h a t  N02, N 2 0 ,  and NH3, which are s t r o n g  a b s o r b e r s  i n  t h i s  r e g i o n ,  
are not  present  in  s ign i f icant  concent ra t ions ,  and  thus  the  poss ib le  absorbers  
a r e  l i m i t e d  t o  O2 and 03. 
Since the molecular oxygen number dens i ty  a t  t h e s e  a l t i t u d e s  i s  about 4 
orders of magnitude greater than that of ozone, it might  be  reasonable  to  expec t  
t h a t  it i s  the  primary  absorber.   This i s  not  cons idered  l ike ly  in  v iew of  the  
following computation: a t  50 km, the  oxygen concentration given by the Standard 
Atmosphere is  4.47 x  1015/cm3. When combined wi th  the  empir ica l  va lue  of  na, 
an   e f f ec t ive   c ros s   ec t ion   o f   4 .8  x cm2 i s  obtained. A similar ca l cu la -  
t i o n   a t  60 and 70 km gives   the   c ross   ec t ions   4 .2  x cm2 and 2 . 7  x  10-23 
cm , r e spec t ive ly .  The  computed e f f e c t i v e  c r o s s  s e c t i o n  t h u s  d e c r e a s e s  
s l i g h t l y  w i t h  a l t i t u d e ,  which i s  o p p o s i t e  t o  t h e  e f f e c t  of an  inc reas ing  e f f ec -  
t i v e  c r o s s  s e c t i o n  d u e  t o  s e l e c t i v e  a b s o r p t i o n  of a given spectral  band.  
Fur thermore ,  these  c ross  sec t ions  fa l l  near  19508 in  the  Shumann-Runge bands 
where the change of cross section with wavelength i s  extremely large.  Thus 
the  e f f ec t ive  c ros s  sec t ion  shou ld  change  cons ide rab ly  ove r  t h i s  a l t i t ude  
in te rva l .   Therefore ,  it is  be l i eved  tha t  abso rb ing  cons t i t uen t  must  be  ozone, 
a l though  the  e f f ec t  of molecular oxygen may not  be  negl ig ib le .  
2 
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CONCLUSION 
The  development of two  types  of  integrated  payloads  for  investigation  of 
the D and E regions of the  ionosphere  has  been  described. The  Type A payload 
contains  a DC probe,  a CW propagation  experiment, and ion chambers  with,  as 
supporting  instrumentation,  both  solar  and  magnetic  aspect  sensors.  The 
Type B payload was adapted  from  the  Type A to  allow  the  addition f boom- 
mounted  probes. The development  of  booms  suitable  for  use  in  a  Nike  Apache 
payload was a  major  part  of  the  total  effort in payload  development. 
The  rocket  launches,  scheduled when possible  for  the IQSY Quarterly  World 
Days, were accomplished without incident. The only  delays  resulted  from 
untavorable  weather.  The  vehicle  performance  on  all  flights was satisfactory 
and  the  instrumentation  performance was, with  some  exceptions,  also  satTs- 
factory. 
The data  resulting  from  these  flights  has  been  analysed in five major 
(1) Comparison  of  techniques  for  measurement  of  electron  density. 
(2) Fine  structure  of  the  electron  density  profile. 
(3)  Variation in electron  density  near  sunrise  and  sunset. 
( 4 )  Electron  temperature  in  the E region. 
(5) Comparison  of  molecular  oxygen  densities  with  atmospheric  models. 
categories: 
This  material is being  prepared  for  publication  in  scientific  journals. 
The  program is being  continued  in  the  second  year  of  the IQSY with 
participation in the NASA Mobile  Launch  Expedition (USNS Croatan). Five 
vehicles  have  been  launched  in  the  South  Pacific in a latitude  survey  from 
the  magnetic  equator  to a magnetic  latitude  of 48O South.  The  program  continues 
with  further  launches  scheduled  for  the  Quarterly  World  Days of  1965. 
Probably  the  most  important  conclusion  relating  to  future  rocket  launches 
in this  and  related programs  is  that it has  been  demonstrated  that a  few  rockets 
fired  at  carefully chosen  times  can add  greatly  to  our  knowledge  of  the  lower 
ionosphere. It is also  clear  that  multiple  launches  consisting  of  two  or  three 
rockets, fired on the  same  day  at  carefully  chosen  intervals can accomplish 
much  more  than  the  same  rockets  launched  at  corresponding  times  on  different 
days. 
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APPENDIX A 
CALCULATION OF TRAJECTORY 
The baroswitches,  nominally set  f o r  75,000 f e e t ,  a r e  i n d i v i d u a l l y  c a l i b r a -  
t e d  fo r   dec reas ing   p re s su re   ( a scen t )  and increas ing   pressure   (descent ) .  Owing 
t o  t h e  d i f f e r e n t i a l  t r a v e l  i n  t h e  m i c r o s w i t c h  t h e s e  two r e a d i n g s  d i f f e r  by 
an amount equ iva len t  t o  abou t  1 o r  2 km i n  a l t i t u d e  i n  r o c k e t  h e i g h t ,  a n d ,  i n  
p r a c t i c e ,  n e i t h e r  i s  exac t ly  a t  the  nominal  se t t ing  of  the  baroswi tch .  The 
f i r s t  s t e p  i n  computing t h e  t r a j e c t o r y  i s  to  cor rec t  the  observed  swi tch ing  
t i m e s  t o  t h e  r e f e r e n c e  a l t i t u d e  which i n  t h i s  c a s e  i s  taken  to  be  23.0 km. 
The procedure for  correct ing the baroswitch and computing  the  apogee 
a l t i t u d e  and time i s  i l l u s t r a t e d  i n  T a b l e  A - 1  f o r  t h e  d a t a  from  Nike Apache 
14.143.  Lines 1 t o  4 i d e n t i f y   t h e   f l i g h t .   L i n e  5 g ives   t he   va lues  of  the 
cons t an t s   g '  and zo.  Line 6 gives   the   baroswi tch   ca l ibra t ion   de te rmined   pr ior  
t o   t h e   f l i g h t .   L i n e  7 gives   the   cor responding   a l t i tudes   ob ta ined  from the  
1959 ARDC Model Atmosphere.  Line 8 g ives   the   ac tua l   t imes  of switching ob- 
served   dur ing   the   f l igh t .  The difference  between  these,  ( t z - t l ) ,  g ives   the  
t i m e  of f l i g h t  u n c o r r e c t e d  f o r  t h e  b a r o s w i t c h  a l t i t u d e  e r r o r .  T h i s  f i r s t  
approximat ion  to  the  t ime of  f l igh t  i s  used  when t h e  v e r t i c a l  component of 
v e l o c i t y  a t  t h e  r e f e r e n c e  l e v e l  i s  computed, a s  shown i n  l i n e  10. The cor- 
r ec t ions  to  be  app l i ed  to  the  obse rved  swi t ch ing  t imes  to  b r ing  them t o  t h e  
r e f e r e n c e  a l t i t u d e  a r e  o b t a i n e d  by the  d iv i s ion  of t he  he igh t  e r ro r  'by the  
v e r t i c a l  v e l o c i t y .  The v a l u e s  g i v e n  i n  l i n e  11 a r e  t o  b e  added t o  and sub- 
t r ac t ed  from  the  times  observed on ascent  and descen t  r e spec t ive ly ,  g iv ing  
the  corrected  switching  t imes,   l ine   12.  The corrected  t ime o f  f l i g h t  i s  the  
difference  between  these two t imes   ( t 4 - t3 ) ,   l i ne  13. Apogee a l t i t u d e  i s  
immediately  obtained,  l ine  14,   assuming  the  effective  value of g'  determined 
previously.  Apogee t ime ,   l i ne  15, i s  determined  as  being 0.5 s e c   e a r l i e r   t h a n  
the  mid-point of the   t ime  of   f l igh t .  Comparison  of a l t i t u d e s  and t imes  obtained 
from the baroswitch with these obtained by r a d a r  s k i n - t r a c k ,  i n  e a r l i e r  f l i g h t s ,  
i n d i c a t e s  t h a t  t h e  p r o b a b l e  e r r o r  i n  a l t i t u d e  i s  & 0.5 km and i n  time i s  
+ 0.5 sec.  - 
When the  apogee a l t i t u d e  z '  and time t '  a r e  known, t h e  t r a j e c t o r y  ( a l t i -  
tude z versus t ime t)  i s  e a s i l y  computed  from 
z = 2' - $ ( t - t ' )  . 2 
The c a l c u l a t i o n  i s  convenient  for  a desk  computer. The f i r s t  s i x  l i n e s  of 
t h e  t a b u l a t i o n  f o r  t h e  t r a j e c t o r y  of  Nike Apache 14.143 are shown i n  T a b l e  A-2.  
The t r a j e c t o r y  i s  then  p lo t t ed  and a smooth curve drawn through the points. 
It i s  found that  the ten-second interval  of  the computat ion i s  s u f f i c i e n t .  
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Table A-1: Computation  of Apogee A l t i t u d e  and Time 
Rocket:  Nike Apache 14.143 
Date:  16  April  1964 
Time: 2105:OO.O UT 
Place:   Wallops  Is land,   Virginia  
Constants  used:  g '  = 935  cm/sec ; r e f e r e n c e   a l t i t u d e ,  z = 23.0 km 
Baroswitch calibration: ascent 36.5 mm H g ;  descent  45.0 mm J3g 
Baroswitch  a l t i tude:   ascent   23.5 km; descent  21.75 km 
Switching  time:  ascent (t,) 2.05:30.4 UT; descent  (t,) 2111:23.7 UT 
Time of f l i g h t   ( f i r s t   a p p r o x i m a t i o n ) :  (t2-tl) =. 353.3  sec 
V e l o c i t y  a t  r e f e r e n c e  a l t i t u d e :  
g ' ( t 2 - t l ) / 2  = 467.5 x x 353.3 = 1.65  km/sec 
Time correct ion:   ascent   0 .5/1.65 = 0.3 s e c   ( s u b t r a c t ) ;  
2 
0 
descent  1.25/1.65 = 0.8 sec (subtract)  
Switching times (cor rec ted) :   ascent  (t,) 2105:30.1 UT; 
descent  (t,) 2111:22.9 UT 
Time o f  f l i g h t  ( c o r r e c t e d )  : (t -t ) = 352.8 sec  4 3  
14. Apogee a l t i t u d e :  2 rt4- t3 
z 1  = + 5 = 23,.0 + 1.169  (352.8)2 = 168.5 km 
0 
15. Apogee time: t '  = (t3 + t 4 ) /2  - 0.5  sec = 2108:26.0 UT 
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Table A-2: Computation of Trajectory 
Rocket: Nike  Apache 14.143 
Constants used: &. = 4.675 km/sec2; 2 
z' = 168.5 km; 
t' = 2108:26.0 UT 
t 
UT 
It-t' I 
sec 
I t-t' I 2 
sec 2 
5 It-t' I 2 
km 
Z 
km 
2105 : 40 166  2.756 x 10 128.8 39.7 
2105:  50 156  2 . 434 113.8 54.7 
2106 : 00 146  2.132 99.7  68.8 
2106 : 10 136  1.850 86.5  82.0 
2106 : 20 126  1.588 74.2  94.3 
2106 : 30 116  1.346 62.9  105.6 
4 
etc.  etc.  etc.  etc.  etc. 
.. ~- 
~ ~~ 
. -  ~~. . . 
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APPENDIX B 
ROCKET  OBSERVATIONS OF THE LawES: IONOSPHERE  AT 
SUNRISE AND SUNSET 
S. A. Bowhill and L. G. Smith t 
ABSTRACT 
The  development and decay  of  the  ionosphere  up  to 160 km at sunrise  and 
sunset  has  been  observed in a series of rocket  flights  from  Wallops  Island, 
Virginia.  Three  fl$ghtsoon  the  zorning  of  15  July  1964,  at  solar  zenith 
angles  of  about  108 , 96 and 85 show  the  rapid  increase  of  the  electron  den- 
sity  below 80 km as  solar  ultraviolet  radiation  illuminates  the  region. A 
further  flight  on  the  morning  of 10 November  1964  confirmed  the  observation. 
Since  solar  visible  radiation  does  not  result in photodetachment  it  must  be 
. presumed  that  the  negative  ions  in  the D-region at night  are  not 0; but may 
be 0; or NO;. A rocket  flight  at  zenith  angle  94O  on  19  November 1964 showed 
that  the  attachment of  electrons at sunset  takes  place  rapidly  and  the  region 
can  be  regarded  as  being in  equilibrium  during  the  transition  period. 
INTRODUCTION 
This  paper  is a preliminary  account  of  the  first  experimental  measurement 
of  the pre-sunrise  ionization  profile  in the  lowest  ionosphere  and  its  signi- 
ficance  in  relation  to  theories  of  the  formation  of  the  D-region.  This  region 
is  responsible  for  the  absorption  of  high-frequency  radio  waves  reflected  from 
the E- and F-layers of  the  ionosphere. 
The  first  major  contribution  to  the  theory of the  formation of the D-layer 
came  in  1945  with  Nicolet's  [B-11  suggestion  that a layer  with a peak at about 
80 km could  be  formed  by  the  ionization  of  nitric  oxide  by Lyman-a radiation. 
However,  experimental tecbiques were  not  available  to  detect  the  relatively 
low concentration  of  nitric  oxide  required;  recently,  conclusive  evidence  of 
the  presence  of  sufficient  NO  has  been  presented  by  Barth  [B-21. 
The  next  important  step  was  the  suggestion  by  Bracewell and Bain  [B-31  of 
two  distinct  layers in the  daytime  D-region.  Their  analysis  of  the  diurnal 
behavior  of a  16 kc/s radio  wave  propagated  over  distances  up  to  500 km led 
* 
This  paper was presented  at  COSPAR,  Buenos  Aires,  May  1965, and was also 
support.ed in part  under  National  Aeronautics and Space  Administration  grant 
NSG- 51 1. 
Aeronomy  Laboratory,  University  of  Illinois,  Urbana,  Illinois 
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to  conclude  tha t  whereas  the  upper  layer  showed the  no rma l  d iu rna l  va r i a t ion  
of a Chapman layer ,  the  lower  layer  was e s sen t i a l ly  cons t an t  du r ing  the  day ,  
changing only during the sunrise  and sunset  per iods in  the range of  solar  
zen i th  ang le  98' t o  90'. Assuming  no s t r o n g  d i u r n a l  v a r i a t i o n  i n  t h e  n i t r i c  
oxide concentrat ion,  i t  would appear  tha t  the  upper  layer  has  the  behavior  to  
be expected of  Nicolet ' s  Lyman-cr layer ,  and can be ident i f ied with i t .  
A possible  explanat ion of  the lower layer  was g i v e n  i n  1960 by Moler 
r B - 4 1  and  by Nico le t  and  Aikin [B-51 .  They sugges ted  tha t  the  source  of 
i o n i z a t i o n  i s  galact ic  cosmic radiat ion,  which does not  change diurnal ly .  
A t  n ight ,  the electrons produced become a t t a c h e d  t o  n e u t r a l  atoms o r  mole- 
c u l e s  t o  form negat ive  ions ,  so  t h a t  no  e l ec t rons  a re  p re sen t ;  du r ing  the  
d a y ,  s o l a r  r a d i a t i o n  i l l u m i n a t e s  t h e  r e g i o n  and produces free  electrons by 
photodetachment. The assumption was t h a t  v i s i b l e  r a d i a t i o n  was s u f f i c i e n t l y  
energe t ic  to  photodetach  the  nega t ive  ions ;  and  the  pre-sunr i se  propagat ion  
e f f e c t s  were e x p l a i n e d  b y  v i s i b l e  r a d i a t i o n  s t r i k i n g  t h e  D - r e g i o n  from below. 
Cer t a in ly ,  t he  cons t an t  f l ux  of v i s i b l e  r a d i a t i o n  i n  t h e  D - r e g i o n  would  ex- 
p l a in  the  obse rva t ion  tha t  t he  lower  l aye r  does  no t  change during the day. 
This has been discussed by Aikin [B-61 ,  who has  a l so  ca l cu la t ed  e l ec t ron  den-  
s i t y  p r o f i l e s  o v e r  t h e  s u n r i s e  p e r i o d .  
Because of t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  t h i s  l o w e r  l a y e r  from the  
Chapman-like  upper  layer, i t  seems b e t t e r  t o  d e s c r i b e  i t  as the  C-layer.  
This a l s o  seems a p p r o p r i a t e  i n  t h a t  t h e  l e t t e r  C can  s tand  for  cosmic  rad i -  
a t i o n ,  t h e  s o u r c e  of i o n i z a t i o n .  
It was dec ided  to  a t t empt  to  ve r i fy  the  theo r i e s  o f  C- and D-layer 
formation by means of a rocket experiment.  This experimental  program and 
t h e  r e s u l t s  o b t a i n e d  i n  summer and winter are  desc r ibed  in  the  fo l lowing  
s e c t i o n s .  
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EXPERlMENTAL PROGRAM 
The experimental program was des igned  to  make a minimum number of 
rocke t  f i r i ngs  to  g ive  an  expe r imen ta l  check  of  the  theory.  The c r i t i c a l  
times were i d e n t i f i e d  as: 
a .  Before  layer  sunr i se ,  when n o  v i s i b l e  r a d i a t i o n  ,was incident  on 
the  l aye r ;  
b .  Af te r  layer  sunr i se  but  before  ground sunr i se ,  when o n l y  v i s i b l e  
r a d i a t i o n  was present  in  the  D-region;  
c .  A s h o r t  t i m e  a f t e r  ground  sunrise.  
' The rocket  used was the  Nike  Apache  which  has a nominal  apogee  of 170 
Ism. The payload  consis ts   of  a combinat ion  of   re la t ively  s imple  experiments ,  
and w i l l  be  desc r ibed  in  de t a i l  e l s ewhere .  The instrumentat ion of  one  of the  
payloads is  shown i n  F i g u r e  . B - l .  The dashed  l ines  indicate  the  housing  which 
has been removed f o r  t h i s  p i c t u r e .  
The e l e c t r o n  d e n s i t y  measurement is  accomplished by a combination of two 
techniques:  a radio propagat ion measurement  of  different ia l  absorpt ion and 
Faraday rotat ion,  and a d i r e c t  measurement of e l e c t r o n  c u r r e n t  c o l l e c t e d  by a 
probe on t h e  t i p  o f c t h e  r o c k e t .  The d i r e c t  measurement is  p a r t i c u l a r l y  v a l u -  
a b l e  f o r  s t u d y i n g  t h e  f i n e  s t r u c t u r e  o f  t h e  p r o f i l e  and measuring extremely 
low e l ec t ron  dens i t i e s  wh i l e  t he  r ad io  p ropaga t ion  measurement gives good ab- 
solute  accuracy to  the measurement .  
In  the  propagat ion  exper iment  two s i g n a l s ,  c i r c u l a r l y  p o l a r i z e d  i n  op- 
p o s i t e  s e n s e s  and d i f f e r i n g  i n  f r e q u e n c y  by 500 c / s ,  a re  t r ansmi t t ed  from the  
ground s t a t i o n .  These  combine i n  t h e  l i n e a r l y  p o l a r i z e d  a n t e n n a  i n  t h e  p a y -  
load and . the resul t ing 500 c/s modulation i s  telemetered back from the  rocke t  
t o  t h e  ground  t ransmit ter .  This completes  the  loop  of a servo  system  which 
ad jus t s  t he  ampl i tude  o f  t he  ex t r ao rd ina ry  c i r cu la r ly  po la r i zed  s igna l  t o  
keep the modulat ion level  constant  a t  the payload.  This  i s  an  improvement  on 
the  d i f f e ren t i a l  abso rp t ion  t echn ique  deve loped  by  Seddon  [B-71. The d i f f e r -  
e n t i a l  a b s o r p t i o n  i s  recorded as a n  a t t e n u a t o r  s e t t i n g  a t  the  ground s ta t ion ;  
the  Faraday  ro ta t ion  is  measured by the phase of  the 500 c/s r o c k e t  s i g n a l  
re la t ive t o  a phase reference a t  the  ground s ta t ion .  
I n  t h e  DC probe technique developed by Smith rB-81 ,  two  modes of oper- 
a t i o n  are  used. The p o t e n t i a l  of t he  nose  t i p  o f  t he  rocke t  i s  swept, re la-  
t i v e  t o  t h e  body of  the  rocke t ,  and  the  var ia t ion  in  cur ren t  as a funct ion of  
voltage analyzed by the Langmuir  probe technique to  obtain electron densi ty  
and electron temperature .  This  mode o f  o p e r a t i o n  a l t e r n a t e s  w i t h  a mode i n  
which  the  poten t ia l  o f  the  e lec t rode  is he ld  a t  + 2.7 v o l t s .  The c u r r e n t  t o  
t h e  p r o b e  i n  t h i s  mode is n e a r l y  p r o p o r t i o n a l  t o  e l e c t r o n  d e n s i t y  and t h i s  
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Figure B-1. Photograph of the payload. 
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provides  a method  of obse rv ing  the  f ine  s t ruc tu re  of t h e  e l e c t r o n  d e n s i t y  
p r o f i l e .  The probe is  capab le  o f  measu r ing  e l ec t ron  de  s i t y  to  r a the r  smaller 
values   than  any  other   type  of   technique;   probably 1 cm . -9 
The other important measurement on this payload is  t h a t  of molecular 
oxygen by observat ion of  the absorpt ion prof i le  of  Lyman-a. The r a d i a t i o n  is  
de tec t ed  by an  ion  chamber, seen i n  Figure B - 1 ,  w i th  l i t h ium f luo r ide  window 
and conta in ing  n i t r ic  ox ide .  The method  of ana lys i s ,  i nc lud ing  the  case of 
zen i th  ang le s  g rea t e r  t han  90°, has been given by  Smith  and Weeks [B-91. The 
payload  a l so  inc ludes  an  ion  chamber s e n s i t i v e  t o  a narrow wavelength band 
centered by 145061, to  a l low determinat ion of  molecular  oxygen d e n s i t y  i n  t h e  
E-region. An additional  measurement,  the  importance of which  has  only  recent- 
l y  b e e n  r e a l i z e d ,  was obtained unexpectedly from the  145061 ion  chamber. The 
photoe lec t r ic  emiss ion  cur ren t f rom the  gold-p la ted  inner  sur face  of  the  cham- 
b e r  i s  caused by so la r  r ad ia t ion  hav ing  a wavelength of about 20008 and may 
a l low a determination of the concentration profile of ozone between 56 and 7 8  
km. 
The payload also contains  magnet ic  and so la r  a spec t  s enso r s  and FM/FM 
t e l eme t ry  sys t em us ing  seven  sub-ca r r i e r  o sc i l l a to r s .  Doors p ro tec t  t he  ion  
chambers and solar  sensor  during the launch phase and are  ejected 50 seconds 
a f t e r  l a u n c h .  
An important  aspect  of  a program of th i s  type  is  the cooperat ion of o the r  
experimenters .  A t  Wallops I s l and ,   V i rg in i a ,  where  the  rockets  were  launched, 
S e c h r i s t  rB-101 made phase and amplitude measurements a t  v e r t i c a l  i n c i d e n c e  
using a frequency  of 19 k c / s  r e f l e c t e d  from the  lowest   ionosphere.   In   addi-  
t i o n ,  v e r t i c a l  i n c i d e n c e  ionograms down t o  a frequency of 250 kc / s  were ob- 
ta ined  a t  Wallops I s l and  from a high-power sounder operated by the  Cent ra l  
Radio  Propagation  Laboratory of the  National  Bureau  of  Standards.   Also,  it 
was found poss ib l e  to  schedu le  the  f i r s t  sunrise  measurements  c lose to  times 
a t  which the ionospheric winds were measured by vapor t ra i ls  r e l e a s e d  i n  
s e p a r a t e  r o c k e t  f l i g h t s  by Bedinger and Knaflich [ B - 1 1 1 .  
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SUMMER SUNRISE  EFFECT 
Three rockets  were launched on the morning of 15 July 1964, on the  IQSY 
Quar te r ly  World Day. The f i r s t  was launched  with  the  complete   t ra jectory  in  
darkness,  the second as t h e  e a r t h ' s  shadow  had j u s t  dropped  below  the  D-region 
and   the   th i rd   about   an   hour   l a te r .  The launch   t imes ,   the   so la r   zen i th   angle  
a t  launch t ime and the earth 's  shadow he ight  are given in  Table  B-1 .  
Table B-1:  Summer Sunr ise ,  15 J u l y  1964,  Wallops I s land ,   Vi rg in ia  
Rocket  Launch Time Zeni th  Angle Shadow Height 
14.144  0300 EST  108O 320 km 
14.145  0420 EST 96O 35 km 
14.146  0525 EST 85 o k m  
The D-region was fu l ly  i l l umina ted  by t h e  v i s i b l e  p a r t  o f  t h e  s o l a r  
spectrum a t  the   t imes   o f   the   l as t  two rocket   launches.   This  was confirmed by 
the  so l a r  a spec t  s enso r s  wh ich  a l so  showed, in  the  case  of  14 .145 ,  tha t  there  
is a t t e n u a t i o n  o f  t h e  r a d i a t i o n  f o r  a b o u t  18 km above  the  theore t ica l  shadow 
l ine,  presumably due to  an  a tmospher ic  haze  layer  ex tending  some 18 Ian above 
t h e  e a r t h  s u r f a c e .  The probe  and  propagation  experiments show, however, t h a t  
no i n c r e a s e  i n  e l e c t r o n  d e n s i t y  had occurred a t  t h e  t i m e  of t he  agcen t  p ro f i l e  
of   14.145,   for   which  the  solar   zeni th   angle  a t  the  rgcket  is 95.8 . The pro- 
f i l e  o b t a i n e d  on the descent of the rocket (X = 94.1 ), which represents con- 
d i t i ons  abou t  100 km t o  t h e  e a s t  of Wallops I s l a n d  and about four minutes 
l a t e r ,  shows t h e  i n i t i a l  development  of  the  region. A well-developed  C-layer 
was found  on  the f i n a l  r o c k e t  f l i g h t .  
T h i s  r e s u l t  was s u r p r i s i n g ,  i n  t h a t  t h e  C - l a y e r  was expec ted  to  be  found 
ful ly  developed for  the second rocket  f l ight  14.145 in  which vis ible  l ight  was 
s t r i k i n g  t h e  l a y e r  from below. The impl ica t ions  of th i s   a re   d i scussed   be low.  
The prof i les  of  probe  cur ren t  a re  shown in FigureE-2,with values of 
e l ec t ron   dens i ty   ob ta ined  from the  propagat ion  technique.  The s o l i d  l i n e  i s  
t h e  e l e c t r o n  c u r r e n t  t o  t h e  n o s e  t i p  e l e c t r o d e  a t  t h e  f i x e d  p o t e n t i a l  o f  + 2.7 
vo l t s ;  t he  dash -do t  l i ne  i s  t h e  p o s i t i v e  i o n  c u r r e n t  t o  a boom-mounted spher -  
i ca l  e l ec t rode  ( 1 . 2 7  cm d i a m e t e r )  a t  a f i x e d  p o t e n t i a l  of - 22.5 v o l t s .  The 
la t te r  experiment replaced the W ins t rumenta t ion  on t h e  n i g h t t i m e  f l i g h t .  
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Figure B-2. Summer sunrise. 
The p o s i t i v e  i o n  c u r r e n t  p r o f i l e  c o n f i r m s  t h e  p r e s e n c e  o f  i o n i z a t i o n  i n  
the  night t ime  D-region.  It appea r s  t ha t  t he  nega t ive  ion  dens i ty  is equal  
t o  t h e  e l e c t r o n  d e n s i t y  a t  about 83 km; t h e  r a t i o  o f  n e g a t i v e  i o n s  t o  elec- 
t rons  inc reases  r ap id ly  below t h i s  h e i g h t .  
The diagonal  shading on FigureB2indica tes  the  reg ion  for  which  the  f lux  
a t  a wavelength of about 20002 i s  g r e a t e r  t h a n  1 percent  of t he  inc iden t  
value and the cross-hatched shading shows the  reg ion  above  uni t  op t ica l  depth  
f o r  Lyman-a. These are  o b t a i n e d  d i r e c t l y  from  the  ion chamber da t a  on the  
r e s p e c t i v e  f l i g h t s .  The i n t e n s i t y   o f   t h e   r a d i a t i o n  i s  l / e  (37 percent)   of  
t h e  i n c i d e n t  f l u x  a t  t he  po in t  o f  un i t  op t i ca l  dep th ,  by d e f i n i t i o n ,  and f a l l s  
o f f  r a p i d l y  below t h a t  a l t i t u d e .  It is  reduced  to  1 pe rcen t  of   the  incident  
f l u x  a t  about 10 km below u n i t  o p t i c a l  d e p t h .  
It i s  concluded  from a compar i son  o f  t hese  p ro f i l e s  t ha t  t he  in i t i a l  i n -  
crease of  e lec t ron  dens i ty  in  the  D-region  occurs  when the  reg ion  is i l l u -  
minated by r a d i a t i o n  n o t  from t h e  v i s i b l e  p a r t  o f  t h e  s o l a r  s p e c t r u m  b u t  from 
t h a t  p a r t  of  the  spectrum  which i s  absorbed by the  ozone  layer.  The wavelengths 
respons ib le  for  photod  tachment  in  the  D-region  must  therefore  fa l l  wi th in  
the range 1800 t o  2900 2 since shorter  wavelengths  are  absorbed higher  in  the 
atmosphere while longer wavelengths penetrate the ozone layer.  
An unusual ly  low value of  non-deviat ive VLF absorp t ion  was observed by 
S e c h r i s t  a t  the  time o f  t h e  p r e - s u n r i s e  p r o f i l e  b u t  t h i s  is  in  agreement  with 
a va lue  ca l cu la t ed  f rom the  e l ec t ron  dens i ty  p ro f i l e s .  
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WINTER SUNRISE AND SUNSET 
The evidence of the summer sunr i se  obse rva t ions  ind ica t ed  tha t  t he  
shadow o f  the  ozone  l aye r  r a the r  t han  the  ac tua l  ea r th ' s  shadow was the  
d e t e r m i n i n g  f a c t o r  i n  t h e  i n i t i a l  f o r m a t i o n  of the   reg ion .  It was then 
f e l t   t o  b e  d e s i r a b l e  t o  e s t a b l i s h  t h e  g e n e r a l i t y  o f  t h e  c o n c l u s i o n  by making 
similar measurements a t  sunr i se  . in  win ter .  It was a l so  dec ided  t o  examine 
the  reverse s i t u a t i o n  a t  sunset  to  determine whether  any t imelag of "slug- 
gishness"  was occurr ing;  and also to  check whether  the difference between the 
a scen t  and descent  prof i les  of  14.145 could be a t t r i b u t e d  t o  some veh ic l e  a t -  
t i t u d e  e f f e c t .  
The rocke ts  were launched in November 1964  on d i f f e ren t  days  as shown 
in  Tab le  B-2.  The f i r s t  on the  morning  of  10 November 1964 was launched .at 
exac t ly  the  same zeni th  angle  (96  ) as had been the important second rocket 
of  the  Ju ly  series. The second was launched on the  evening  of 19 November 
1964 a t  a zen i th  ang le  of 94'. The d i f f e r e n t  z e n i t h  a n g l e  a t  launch was 
necessa ry  to  g ive  the  same t r a j e c t o r y  r e l a t i v e  t o  t h e  e a r t h ' s  shadow; the  
so l a r  zen i th  ang le  a t  the  pos i t ion  of  the  rocke t  changes  by about 2 during 
the f 1 i g h t  . 
0 
0 
Table B-2a: Winter  Sunrise,  10 November 1964,  Wallops I s l and ,   V i rg in i a  
Rocket  Launch Time Zenith  Angle Shadow Height 
14.147 0607 EST 9 6O 35 km 
Table B-2b: Winter  Sunset,  19 November 1964,  Wallops I s l and ,   V i rg in i a  
~~ ~ ~ 
~~ ~ ~ 
-~ - 
~~ ~~ 
Rocket  Launch Time Zenith  Angle Shadow Height 
14.148 1702 EST 
~~ 
94O 16. km 
The two p r o f i l e s ,  a s c e n t  and  descent ,  o f  each  f l igh t  are  shown i n  
F igure  B-3. As before,  the diagonal  shading represents  the region for  which 
t h e  f l u x  a t  a wavelength of about 20002 i s  g rea t e r  t han  1 percent  of  the in-  
c ident   f lux .   For   these   f l igh ts ,   no   ozone   prof i le  was obtained;  the  shaded 
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Figure B-3. Winter sunrise and  sunset. 
regions in t h i s  f i g u r e  assume t h a t  t h e  minimum ray height  above the ear th 's  
su r f ace  was the  same (55 km) a s  had  been  determined i n  J u l y .  T h i s ,  t h e r e -  
f o r e ,  assumed the  .same ozone d i s t r i b u t i o n  above 55 km. 
The prof i les  of  probe  cur ren t  for  win ter  sunr i se  suppor t  the  conclus ion  
t h a t  z e n i t h  a n g l e  is t h e  c o n t r o l l i n g  f a c t o r  i n  t h e  i n i t i a l  f o r m a t i o n  o f  t h e  
D-region. The s u n s e t  p r o f i l e s  show the same dependence on zen i th  ang le ;  and 
i n d i c a t e  t h a t  t h e  r e l a x a t i o n  t h e  for  a t tachment  of  e lec t rons  when the  rad- 
i a t i o n  is  removed is probably less than a minute. It is, therefore ,  reason-  
a b l e  t o  assume equi l ibr ium in the region when ana lyz ing  the  t r ans i t i on  
per iods  . 
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DISCUSSION 
These observations have shown f o r  t h e  f i r s t  t i m e  t h e  e x i s t e n c e  of a 
sepa ra t e  and  d i s t inc t  l aye r  be low 80 km nea r  sun r i se .  A s  mentioned i n  
the  In t roduc t ion ,  i t  is  proposed  tha t  th i s  layer ,  having  i t s  maximum elec- 
t r o n  d e n s i t y  a t  about 68 km, he descr ibed as t h e  C - l a y e r ,  t o  d i s t i n g u i s h  i t  
from the D-layer, which behaves in the approximately Chapman-line manner. 
The f & r s t  f o r m a t i o n  of the  layer  occurs  a t  a s o l a r  z e n i t h  a n g l e  v f  
95.0 - 0.3  cor responding  to  a t h e o r e t i c a l  e a r t h  shadow height  of 25 - 3 
km, as the  reg ion  is f i r s t  exposed t o  s o l a r  u l t r a v i o l e t  r a d i a t i o n  i n  t h e  
wavelength  range  of 1800 t o  29002. Up t o  t h e  p r e s e n t  time, i t  has  been 
gene ra l ly  - assumed tha t  t he  p r inc ipa l  nega t ive  ion  of the nighttime D-region 
is  02. However, e l e c t r o n s  a r e  r e l e a s e d  from t h i s  i o n  by s o l a r  v i s i b l e  r a d -  
i a t i o n  whereas  the  present  inves t iga t ion  ind ica tes  tha t  no photodetachment 
o c c u r s  u n t i l  r a d i a t i o n  a t  w a v e l e n g t h s  smaller than 29002 i l l umina te  the  
reg ion .  
The conc lus ion  tha t  0- i s  not the dominant negative ion in the D- 
reg ion  a t  t w i l i g h t  was reached by Reid  [B-121 a f t e r  a v e r y  c a r e f u l  examin- 
a t ion  o f  t he  sun r i se - sunse t  e f f ec t  as observed during a polar  cap absorp-  
t i on  even t .  It now appea r s  t ha t  t he  same conc lus ion  app l i e s  t o  the  qu ie t  
D-region. 
2 
The i d e n t i f i c a t i o n  of  the  n ight t ime ion ,  i f  i t  i s  not  0;. has  recent ly  
been reviewed by  Reid  rB-131 who cons iders  0-  and NO- t o  be p o s s i b i l i t i e s .  
Whitten  and  Poppoff rB-141 cons ider  NO- t o  be  more l l k e l y  t h a n  0-  The 
case  fo r  NO- is  fur ther  suppor ted  by t z e  r e p o r t  by Johnson, Meadows and 
Holmes r B - 1 3 1  of  the presence in  the E-region of  a nega t ive  ion  of  mass 46 
amu. It is  t o  be  hoped t h a t  mass spectrometers  w i l l  soon  be  used  in  the D- 
r eg ion  to  de t e rmine  nega t ive  ion  spec ie s  and r e s o l v e  t h i s  q u e s t i o n .  
3 2 
3 '  
An i n t e r e s t i n g  q u e s t i o n  on i n t e r p r e t a t i o n  arises i n  t h a t  t h e  V U  am- 
plitude  measurements show,  on some mornings, a decrease a t  about  98  zenith 
ang le ;  on other mornings,  no decrease is  found u n t i l  t h e  z e n i t h  a n g l e  is  
about 95 . I n  f a c t ,  S e c h r i s t  found that  the  morning of 15 July  1964, came 
under  the l a t t e r  ca tegory .   Cer ta in ly ,  on t h a t   o c c a s i o n ,   t h e   p r i n c i p a l  
negat ive ion must  not have  been 0-  This  two-step effect  has  been remarked 
by Chiplonker e t  a l .  rB-161  and by o t h e r s .  Why there  should  be a d i f f e r e n c e  
between  one  day  and  another is y e t  t o  be explained;  i t  i s  probably connected 
wi th  a r e a l  d i f f e r e n c e  i n  atmospheric composition. 
0 
0 
2 '  
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